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PREFACE

The need for a fresh, up-to-date view of research methods in health,
physical education, and recreation areas i$ the principal reason for
this third edition of Research Methods. New ideas and approaches in
research techniques are constantly being introduced, and it is im-
portant for the research worker (whether he is a beginning graduate
student or an experienced researcher) to be aware of the latest tech-
niques. This book is intended to continue the tradition of the two
previous editions in presenting the newest approaches as reported by
leading experts.

The steering commiittee for this third edition of Research Methods
was appointed late in 1967; a January 1968 survey evaluated the 1949
and 1959 editions and provided suggestions for the new publication.
The committee met in February 1968 for a three-day planning session
with staff representatives of the American Association for Health,
Physical Education, and Recreation, and it was decided that the third
edition would concentrate on factors and principles underlying re-
search methodology. The committee arranged the topics into homo-
geneous groups, selected chapter titles, nominated possible authors,
and assigned to the chairman the responsibility for arranging author-
ship and supervising production.

To the authors go our sincere appreciation for explaining the
principles and processes of scholarly research.

Alfred W. Hubbard

Steering Committee

Research Council

Marguerite Clifton

William W. Huesner

Alfred W. Hubbard, chairman
Henry J. Montoye

M. Gladys Scott

Arthur H Steinhaus

Wayne D. Van Huss
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WHY THIS RESEARCH?

Arthur H Steinhaus ¥

George Williams College
Chicago, Illinois

CHAPTER

THE EMPLOYMENT OF EDUCATIONAL methods to achieve better health,
greater fitness, and the fuller enjoyment of life is an art, not a science.
When this is done in the interest of humanity with reasonable likelihood
of meeting certain needs of mankind it constitutes the practice of a pro-
fession. Those practices which we have come to include under the head-
ings of health education, physical education, and recreation constitute an
impor tant specialty or branch of education, the oldest of the professions.

Education and Medical Plroféssions

In this area where education becomes interested in health it borders
most closely on another great profession, namely, the art of the practice
of medicine. In fact, on this border there someiimes has been under-
standable but needless confusion. It is understandable because both
professions have the same goal—the improvement of man’s physical,
mental, and social well-being; and both professions draw their factual
information from the same pools of knowledge—the basic physical,
biological, and social sciences. It is, however, a needless confusion
because these professions should not differ in their ultimate goals nor
in their sources of knowledge, but should differ only in the practices
they employ to bring these knowledges into the service of mankind.

1 Deceased.
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4 RESEARCH METHODS

We in education employ the methods of education. Our colleagues
in the medical services employ the methods of medicine. At the risk of
oversimplification may it be suggested that medicine in common with
other services to mankind, such as public health and engineering, does
things for people; whereas education, strictly speaking, does nothing
for people, but instead helps people to do things for themselves. Con-
sequently, the methods of education are as different from those of
medicine as are the practices of farming or tree culture different from
those of bread making or carpentering.

Research in our fields may appropriately interest itself (a) in basic
research which aims to enlarge the pools of knowledge common to all
professions, or (b) in applied research which aims to discover the best
ways of using this knowledge in the practice of our professional art.
Sometimes the distinction between basic and applied research is not as
simple as this sounds. It is safe to assume that most of us will do applied
research.

Science and Professions

The thermometer records temperature; the thermostat does something
about temperature. Every thermostat needs a good temperature record-
ing device. It needs also many other accurately designed, carefully fitted
parts and, in addition, some source of power to move valves. When this
power is properly released and controlled in accord with predefined ob-
jectives of desirable temperature, the thermostat performs its function.
The sciences and scientists, like thermometers, observe, measure,
and record. The professions employ the findings of science to do some-
thing for mankind. Always, the professions must draw on many sciences
for the best available facts lest they fail mankind. In 1927 the great St.
Francis Dam near Los Angeles gave way. The commission that probed
the cause of this catastrophe reported that the perfectly constructed,
modern concrete structure had been built on a rock bed of mica schist
in an area of geologic faults. Any geologist could have predicted the
disaster. Because the science of geology had not been permitted to con-
tribute its pertinent facts, the engineering profession’s efforts at St.
Francis were a disservice to mankind. The commission strongly urged
the inclusion of geology in the curriculums of engineering schools.
The profession of education and its specialty, physical education,
may be of far greater sigrificance to man than is engineering; but few
people realize this——which is fortunate for us. What would become of
us if people attributed tc education all the great disasters for which it is
responsible? The list would include depressions, congressional filibusters,
an assortment of world wars, and diplomatic failures at Lake Success, as
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well as their backyard counterparts: ignorance, delinquency, prejudice,
ill health, and foul play. What do we lack?

Research

If this seems but a pompous beginning for a manual on research, let
its intention be clear. The greatest danger that besets the professional
worker who engages in research is that while absorbed in examining
details, he may lose his professional perspective, and even worse, his
orientation that gives purpose and direction to all his endeavors.

This is not to deprecate the complete mastery of detail. It is rather
to give purpose to detail. The easier airplane view will never master the
problems of the forest. Too few of us are willing to toil the hard hours
in the depths of detail which alone will produce solid foundation for a
strong profession. Such constitute the sad array of lazy, unprepared
workers. A more pathetic figure, however, is the nearsighted fusser with
statistics who substitutes mere toil for directed effort and is so engrossed
in each figure that he does not read the score.

The purpose of this manual is to encourage and assist intelligent
research directed toward worthy goals. Such activity will at once advance
the profession and the professional worker.

In its early beginnings a profession must draw its personnel from
related professions and its principles from related iields. In time it will

_generate more and more of its own personnel and guiding principles.
This desirable evidence of growing maturity is, however, not without
danger. Confined to its own sources the profession may stagnate. Always
some of our best graduate students should find their ways into the grad-
uate divisions of the natural and social sciences of our graat universities,
there to search the latest findings and the crispest net%ods of pure
research in the older disciplines. They should go well prepared and alert
o ‘‘pick the minds” of the master workers in these fields in order to
bring back to physical education that which is new, stimulating, and
helpful. Such students should find challenges in what this manual leaves
unsaid as well as in the bare spots of our knowledge that it points out.
For techniques of research they will look elsewhere. For the larger
number of our graduate students, whose interest is rightly in applicd
research as a way of becoming more intelligent and productive pro-
fessional workers, this manual is “‘tailor made.” For those who face a
research task as the final obstacle before that higher degree and the
promotion that depends on it, this manual is a “‘godsend.” It might
direct even such unwilling steps to useful ends.

But let nothing be said to cause this latter group to take on greater
feelings of inferiority. Research is hmportant; it is imperative; but it is

Q
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not all! The majority of our most inspiring teachers and most efficient
administrators are miserable researchers. This is true also in medicine
and the other professions. If all of us were thermometers, who would
operate the valves? Even more crucial, who would say, “It’stoo hot here,
let us reset the thermostat”? Finally, who would dare stick out his neck
to say, “Let us create a new thermostat™? Obviously such functions are
as essential for the creation and operation of useful programs for a city
system as they are for the attainment of a suitable room temperature.

The best thermostat, speaking for our profession, is one in which
each part is conversant with the ways of working and purposes of the
other, and is appropriately influenced by the special contribution of the
other. An illustration will serve to clarify this point. All of us at some-
time have had to learn the basic laws of health and many of the games
and skills that constitute sports and recreation activities. We have also
gained some understanding of children and adults. Some of us have
become expert performers, some expert teachers. Others of us must
supervise or administer a diverse range of programs and rarely operate
at the performing or teaching level. Nevertheless, we are better workers
because we know that which must be taught and those who must be
taught, and we understand the tasks and the tribulations of the teacher.
Still others of us may come into a situation where we must completely
revamp a program or an entire system.

Disciple, Practical Worker, Student

In this illustration one thing is missing. How do we know that we are
teaching the right things in the right way to the right people at the right
time? In fact, how do we know anything is right or best? People answer
these questions in different ways. Some say it is right because they them-
selves were taught that way. Such people who tacitly accept the authority
of a leader are disciples. Others say it is right because it works. These
are the practical workers. Maybe these persons are right, but without
some measurement of their results they have only their own intuition
and perbaps the approval of others to guide them. Often they tend to
be dogm ztic. For much of our practice this may be as far as we can go
at present.

Still others seek the largest base of experience by which to test all
practice. They discover what others have found and practiced; they devise
ways of examining the results of their practice by methods that will ex-

_ clude their own prejudices; they find ways to study themselves and others

Q

as objectively as possible; they learn to judge the degree of accuracy of
their findings to know how seriously to accept them; and when they must
make decisions that reach out beyond the facts they have been able to
establish, they employ reasoning disciplined by all the available facts.

ERIC.

Aruitoxt provided by Eic:



WHY THIS RESEARCH 7

Even then, they do not take their projected judgments or hypotheses too
seriously. They know the difference between a hunch or guess; a good
working hypothesis; a well-supported theory, law, or doctrine; and an
established fact. Such people are students of their profession; their prac-
tices are scientifically based; they are imbued with the scientific spirit.
They are all this whether their day’s work finds them leading play in
the nursery, coaching a football team, classifying pupils for intramural
competition, making an administrative decision, sitting on a community
council, or baking a cake. When such “on the job™ practical searching
and experimentation is subjected to disciplined record keeping and rig-
orous control of procedure, perhaps in a sample or pilot-type situation
under actual working conditions, it is often called clinical or action
research. Needless to say, such activity demands a high level of research
leadership lest it degenerate into a mere proving of prejudices under the
exercise of politically held powers.

Any person who accepts the public trust implicit in the position of
a professional worker is morally bound to true up his practices with the
findings of our best researches and his methods of working with the
recognized habits of modern science. These he can learn best by in-
telligently exploring the researches of others and consciously practicing
their methods.

THE METHODS OF RESEARCH

The methods of research, though endlessly different in their specific
application, are fundamentally simple. Essentially they comprise four
steps: observation; recording, organizing, and treating the observed
data; generalization to the formulation of a theory; and testing the
new formulation with further observations.

Historicat Rezearch

Many things have happened before the researcher comes on the scene.
In such instances he must depend on observations made by others who
lived before him, and variously recorded in personal files, letters, minutes
of meetings, and other contemporary documents of all kinds—even in
the memories of friends or relatives. This is historical research. If it
centers on the life of an individual it is sometimes called biographic
research. 1t is obviously limited by the availability of materials, and
begins with their discovery. The historian has refined the methods of
discovery and validating the authenticity of his raw data, but essentially
his activity is confined to the second step in the above list, i.c., the re-
cording, organiziné, and treating of his data, which are the observations
@ ' by others. Often such research covering the development of con-
IC
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cepts over a long period of time provides clues to the formulation of
ncw generalizations, which lend themselves to further testing. This bring-
ing together and reworking of older ideas and findings is itself a form
of research sometimes called collation or integration. It is also called
library research and should in fact be an early step in every reseaich
program.

Philosephical Research®

Problems where the basic purpose is to derive principles, build models,
or to examine theoretical presuppositions obviously cannot be solved by
looking exclusively into history. The researcher is engaged in philosophi-
cal analysis. His principal concern may be to ferret out various meanings
from descriptive data, to project possible alternatives that would flow
from the implementation of experimental findings, to analyze conflicting
points of view, or tc determine the apparent influerce that one educator
has had on another. Research of this type—where the focus is on values,
the worth of experiences, or other qualitative factors—calls for the philo-
sophic method. “Should we reset the thermostat?”’ (change the curric-
ulum) or “Do we need the thermostat?” (justification of the program)
are questions that are best answered by the objective and in-depth analy-
sis of a number of different variables, conditions, and possibilities. The
philosophic method is the tool to employ in the critical investigation of
propositions that do not lend themselves to experir: :ntal designs or to
other methods contingent on the quantificati- n f ata.

Observational Research

Many phenomena such as the movement of stars, the weather, and the
behavior of our fellow human beings are occurring contemporaneously,
often in our very midst, subject to regular and even continuous observa-
tions. Often these phenomena are entirely outside our conirol. We must
take them as they come and sometimes it is a long wait. Thus, the sun’s
corona has been under observation by astronomers for less than two
hours all in all. The late Professor David Todd of Amherst probably
witnessed more solar eclipses than any other scientist, yet his number
totalled only eleven and during seven of these, clouds obstructed his
view. Phenomena such as the weather, the growth of children, and the
behavior of nations, though much more commonly observed, are never-
theless almost as completely outside our control. We may count, weigh,

* Addition on philosophical research by R. B. Morland.
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measure, average, and chart them. We may submit the findings to endless
mathematical treatment but always we must wait for the phenomena to
happen.

This is known as observational research. It employs questionnaires
to gather factual data, or ‘“‘opinionnaires,” as some have called them,
to gather opinions, often by mail and from a great number of persons
or institutions. This would be called a broad survey. At other times, such
data are gathered by visitations and interviews employing interview
schedules, checklists, testing, measurements, or other more intensive
case study procedures. It is then called analytical survey. Sometimes the
data so observed and collected are used in the development of scales for
rating and scoring achievement and for comparing individuals or groups.
Such normative procedures may be called normative surveys. At times
data are subjected to other statistical procedures to determine the extent
to which two or more kinds of observations made on an individual or
a group have a tendency to be related or found together (correlation);
to determine the extent to which one or several observed items may be
causally related to another and therefore usable to predict the other
(casual analysis); and finally to determine the nature, number, and rel-
ative importance of several causes knowr or unknown, that together
produce one result (factor analysis).

The validness of conclusions drawn from any series of observations
depends on the representativeness of the raw data. Sometimes it is possi-
ble to place all members of a group under observation. This is the nature
of any census study. More commonly, for practical reasons, this is im-
possible. Then it becomes important to get a truly representative sampling.
The determination of such a sample population for study is itself a
critical procedure for which special methods are available. There are also
statistical procedures which give an indication of the degree of certainty
that the results derived from computations bassad on one sample are
likely to be identical with results gained from similar observations on
another sample (probable error).

Thus statistics in essence provides a mathematical control over an
uncontrollable experiment being carried out by nature. This ingenious
use of mathematics is the quintessence of abstraction from concrete
observations. Just as whipped cream, no matter how bulky its billows
of foam, is never better than the cream of which it is made; so the ab-
stractions of statistics, no matter how impressive they seem. are never
better than the initial raw data that went into the formulas. Many other
pitfalls beset the user of statistics, so that often such departures from
raw data—the terra firma of accurate observations—sink in the quick-
sands of bemuddled thinking, far below the level that sound abstraction
should allow.

ERIC
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10 RESEARCH METHODS

Experimental Research

Thus far we have considered research in which man’s efforts are limited
to observing phenomena when and if they occur about him, and taking
them as they come. Fortunately some phenomena can be made to happen
at the will of the observer. Thus the chemist, by mixing the proper in-
gredients at the right temperature, etc., in his test tube, can reproduce
endlessly and at will what nature may do only rarely and in remote
corners. Similarly, by completely controlling the diet and other environ-
mental factors of an animal, the physiologist is able to study at will the
effect of a single vitamin or amino acid on growth. By observing thou-
sands of flies in scores of generations of predetermined and forced
matings, the geneticist establishes the laws that govern the mixing and
resorting of the genes that determine what we inherit. This management
of the several components which together cause or determine a phenom-
enon under observation is the mark of the controlled experiment in ex-
perimental research. 1t is the latest accomplishment of science. Though
best developed in physics and chemistry, it has also been profitably
employed in the biological field beginning with Harvey in 1628.

Not all phenomena are subject to study by all three of these methods,
i.e., the historical, observational, and exper:mental. Nor is this necessary
in order to have an accurate science. For example, astronomy, one of the
accurate sciences, will never become an experimental science in the
complete sense of the term as here used until solar eclipses can be produced
at will. Psychology has only reccntly entered the experimental field. It is
most doubtful if the social sciences will ever become truly experimental
in the sense of the controlled experiment. This is no reflection on social
scientists; it is a comment on the extreme complexity and uncontrollability
of all but the simples:. social phenomena.

PREDICTABILITY AS REAL MEASURE

The real measure of a science is its ability to predict. Predictability is
based on the assumption that ours is a world of “law and order.” This
is the fundamental belief of scientists and is inspired by a faith in the
inescapable relation between cause and effect. These may be called
doctrines, or betier, the charter or sine qua non of science. Without them
there would be no science, and research would be ar: organized wild goose
chase.

This needs illustration. Aristotle said, **Jupiter rains not to grow corn
but of necessity.” Even Jupiter cannot help it. Once all the preliminary
causes and sequences have transpired he must rain. Today we explain the
cause of rain in tei::s of sudden cooling of warm moist air. Cooling is due
to wind currents moving cold air into warm air or warm air into a cold
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spot. Wind is caused by the unequal expansion of gases under the influence
of sun, etc. When the proper combination of conditions prevails the water
vapor condenses (perhaps around tiny particles of dust whose presence is
also accountable) and it rains. It can’t help itself. Man has learned to
observe many of these preliminary steps. His hundreds of meteorological
stations make and record thousands of observations. His high and low
pressure maps chart these findings into a composite picture of the at-
mosphere’s behavior. If man is sensitive to a sufficiently complete number
of factors and if he has the skili, acquired from previous experience, to
interpret their interactions accurately, he predicts the werther.

In astrcnomy, where measurements have reached greater perfection,
man is able with split-second precision to predict solar eclipses, the time
of sunrise, and the time schedule of the evening star. Man has not yet
learned to change the weather very much and probably never will be able
to hurry an eclipse. But if he were able to change them, it would be man
the engineer, not man the scientist, who did it. The final test of science is
not its ability to change phenomena, but its ability to predict them—not
to control the universe, but to know it. Such knowledge may then be
used by man to serve his ends. If he cannot change this world, he may
change himself like Mark Twain’s Yankee in King Arthur’s Court who
saves his life by awing angry savages into worshiping him when he
“invokes™ a solar eclipse at the psychologic moment which he himself
created, after consulting his almanac and wrist watch.

Ofttimes we are convinced of predictability even though we are
unable to predict. In this sense, predictability expresses a faith which
authorizes the expenditure of research energies to uncover relationships
that may guide professional practices short of complete predictability.
Imagine, for example, a raindrop several hundred feet above the earth’s
surface. Can you predict the spot on which it will land—Ilet us say to
within an inch? You may say, “No, and no onc cares.” But let us see.
Do you agree that its course is determined by gravity and many other
more variable factors, and that if you knew the strength of every gust
of wind, its exact direction and its duration, if you knew how the drop
was deformed and therefore the resistance it would offer to the next gust
from another direction, and so on and on, will you agree that if you could
take the time and had the facilities for measuring al! this, then you could
predict where it would land? If so, then you agree that the raindrop’s
course is predictable and researchable whether or not anyone will ever
predict exactly where any one drop will land.

Conceming the effects of sports on the body of man, we have at
present sufficient data and fairly defined principles to permit some
prediction. Concerning the effects of sports on the mind and spirit of
man, we have beliefs and convictions but few facts. We are here in the

ERIC
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predicament of the raindrop analogy. There are effects, and there is rhyme
and reason about them which justifies the assumption of predictability.
Our difficulty stems from the fact that we do not as yet have sufficiently
adequate devices for observing and measuring changes in all areas; and
where we can measure we are confronted by a terrifically complex array
of possible causes. To illustrate, it is easy to determine whether a season
of football or weight lifting under specified conditions has resulted in
increased body weight or caused muscles to grow. It is possible to pre-
dict that the increase in muscle size will be roughly proportional to
the intensity of work, i.e., the amount of work done in a unit of time.
Further, we know that this will be true, though in varying degree, de-
pending on body type, of all healthy persons so engaged. This begins
to sound scientific. In contrast, who is able to predict just what inter-
racial attitudes, what standards of honesty, or what appreciation of
infinite values will develop in consequence of a season of sport? Even
though most of us are convinced that such changes do occur, who
knows their direct causes? Is it the smile of a competitor, the odor of
his perspiration, or his dogged perseverance that turns the trick?
And does it turn the trick in the same direction for each participant
——or for each spectator ? Obviously, in these areas we cannot predict even
though we are convinced of the existence of the kind of law and order
that permits the assumption of predictability. It is our inability to com-
prehend and measure all of the multitudinous variants which here act
and interact, in different combinations for each person, that has to date
delayed the research necessary to gain scientific mastery.

Also in these areas it is not man the scientist who will bring about
change it: body size, contour, skill, or personality of people; but man the
teacher, coach, or counselor who, using the best available facts from
research and tested experience, will work with people to proeduce changes.
The skills, interests, temperament, and even motivations demanded of
the discoverer of facts and those demanded of the user of facts are far
from alike. This probably explains why the best research scientist may
not be a good teacher; and conversely, why many a topnotch teacher is
poor at research. A sincere respect for truth and the highest level of
integrity, however, must be qualities common to both.

FACTS AND THEORIES

Research is the scientific method for finding answers to questions. When
we are insufficiently informed we often find it convenient to formulate
tentative answers based on the available facts. Such tentative answers
or generalizations are called hunches, guesses, hypotheses, theories, laws,
or principles depending on how sure we are of them. They are important
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tools of thought because they help to place the known facts in proper
relation to each other, show up the limitations ofavailable facts, and most
important they provide something to test or shoot at, the doing of which
may uncover further facts, and thus hasten the finding of the true answer
to the question.

A homely illustration will serve to clarify the interrelation of facts
and theory and the special importance of each. Let us say that for some
reason it is imperative that you know the whereabouts of Mr. Brown.
Your question is: Where is Mr. Brown? From the observations and
recordings made by others before you, you are in possession of Mr.
Brown’s street address and a city guide containing a city map, a register
of streeis, and street car directions. Library research in the telephone
directory discloses that Mr. Brown has no listed telephone; consequently,
you use the available records to find your way to his home. You knock on
the front door which you observe stands ajar. There is no reply. You push
the door open and look around the hall. Though the night is cold, you see
Mr. Brown’s coat on the hall tree—the hat is missing. Through another
door you see the dining room table covered with dishes. Closer examina-
tion discloses warm coffee in the cups and plates but half emptied. The
chairs are pushed back, one is lying on its side. These are ali facts. You
say to yourself, ““Mr. Brown left the house in a hurry.” Thst is your first
generalization or guess concerning the whereabouts of M.. Brown. You
look around and your glance falls on another door half 0"en leading into
a bedroom. On the bed, you see a woman apparently unconscious. She
groans. Now you theorize: “*Aha, Mr. Brown went to the theater”—do
you? Perhaps you will want to assure yourself that the unconscious woman
is Mrs. Brow1 before you decide—but very likely you will conclude that
taking all the facts so far gathered into account, the best guess concerning
the whereabouts of Mr. Brown is that he has hurried out to get a doctor.
That is your theory. But it is only a theory. no matter how plausible it
sounds; and it must remain a theory until it is verified. True, it may be
a fact. The point is you don’t know whether or not it is a fact.

There are now two courses open to you in your search for Mr. Brown.
You may decide to sit down and wait for his return; or you may adopt
your guess as 4 working theory and start out for the nearest doctor’s
office. You are energetic and a little impatient and therefore start out in
search of the nearest drug stor2. Herc you inquire concerning doctors’
offices, Mr. Brown, Mr. Brown’s docior, etc. You are told that the doctor
upstairs is on a hunting trip so you start for the one who is said to live
a block down the street. Before rcaching tlie next corner you run into
Mr. Brown who is carrying a prescription slip and in a moment of con-
versation your theory is confirmed. Further, your theory has helped you
find Mr. Brown several minutes before you would have found him had
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you waited at his home. But let us say that you had not met Mr. Brown
but instead you had run into a crowd of people just dispersing and the
police patrol wagon starting away from the scene. The crowd is talking
about a drunk Mr. Brown who had got into a fight. Their description of
Mr. Brown tallies with that of your friend. Here are new facts. You
cannot now go on unquestioningly holding your theory that Mr. Brown
has gone to fetch a doctor. In your confusion you bump into a mutual
friend who definitely settles the identity of this Mr. Brown as the one
you are looking for. Should you now continue to claim that Mr. Brown
went to a doctor’s office, the world would call you a fool and say that you
lacked judgment. Someone might say you were unscientific.

Actually, you are failing to consider all of the available facts in the
formulation of your theory. You have a closed mind. You are a stand-
patter refusing to adjust to more recently established facts. This is even
worse than had you jumped to the conclusion that Mr. Brown had gone
to the theater when you first entered his home! The theory as well as the
facts has its place. Without a theory one merely sits and waits. The skill
exhibited in developing a theory is called judgment. We must not minimize
the importance of the theory. On the other hand we must not be fooled into
confusing a theory with facts. Someone has said the facts represent the
maps, charts, and logs of our journey. Theory is the compass which guides
us in the seeking of further facts. Together they guide us over the high
seas of human experience to our destination.

Now let us ask another question: How is muscular strength devel-
oped? Although it sounds almost as simple as ‘“Where is Mr. Brown?”
there is much more to it. Even after ruling out the diverting questions
usually raised—*What do you mean by strength?" and **Why is strength
necessary?”"—more pertinent ones remain:

1. How can strength be measured in animals and man?
2. How is strength related to muscle size?
3. What happens in a muscle when it becomes larger and stronger?

4. What kinds of exercise will most rapidly develop muscular
strength? ’

5. Is there a limit to the amount of strength that can be developed
in a person?

6. If so, what factors determine the limit?

7. Are differences in the ability to develop strength related to
constitutional type?

8. Are the commonly observed sexual differences in strength bio-
logically or socially conditioned, or both?
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9. Given two people with the same size of muscle why can one
generate more strength than the other?

10. Why is a person often able to exert much more strength under
hypnosis and in acute emergencies than ordinarily?

11. What series of tests will give the best picture of a person’s over-all
strength?

12. To what extent can a person’s success in different sports or
playing positions be predicted from measures of strength?

13. What strength criteria shall be used in the selection of military
personnel for various responsibilities?

14. How much strength shall be required in the training of soldiers ?

15. Is there correlation between physical strength and
(a) resistance to disease?
(b) mental health?
(c) personality adjustment?

16. Isstrength more readily developed in the young or in the mature
organism?

17. Does strength developed in childhood persist throughout life?
18. How long does it last?

Anyone can think up many more questions and subquestions, each of
which may be as large or larger than ‘‘Where is Mr. Brown?” In going
through this list the reader may have found himself formulating answers
to each question. Whether these answers were guesses, well-substantiated
principles, or rank falsehoods based on superstition depends only in part
on the preparation of the reader. Some of the questions even in this
relatively simple field are completely unanswerable in today’s state of
knowledge, and the rest are answerable with greatly varying degrees of
certainty.

Thus, questions 1 to 4 can be answered with reasonable certainty
because of observations made under controlled, experimental conditions
in physiological and histological laboratories. Answers for 2 and 4 are
anticipated by historical research and supported by clinical research.

Answers for 5 and 6 are broad generalizations based on histologic
observations of the limits of hypertrophy, the diffusion rate of oxygen,
and the inability of highly differentiated muscle fibers to multiply.

Answers for 7 and 8 are based on statistical treatment of clinical
observations with some verification for 8 from controlled experimentation.

Answers for 9 and 10 are at the stage of working hypotheses or mere
guesses based on observations made in psychologic laboratories and
psychiatric clinics.
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Answers for 11 to 14 are based on extensive observation under clinical
conditions that have been treated statistically to determine which scores
correlate with success. This is likely to culminate in a series of correlation
indices, which are really theories or working hypotheses, of how important
strength is to this or that. Unfortunately research too often stops here,
without testing its theories. Only rarely does one find a study that tests
its claimed ability to predict, for example, a man’s time in the 440-yard
run from certain measurements, by subszquently determining how closely
other runners’ actual times compare with the times predicted for them
from various measurements and test scores. That the development of
strength in the training camp will help ensure a soldier’s success partakes
of the nature of predictability in the same sense as does the path of a
falling raindrop cited in an earlier analogy, and is obviously even more
difficult to prove by actua! prediction.

The answer for {5a is based on widely accepted generalities or
principles from related professions, but inadequately testzd by controlled
experiment. Answers for 15b and 15c¢ are, at best, good hunches based on
isolated clinical observations.

Number 16 is answered only with moderate certainty from experi-
mental observations on animals, insufficiently corroborated on man.

Numbers 17 and 18 can be answered with reasonable certainty from
controlled studies on animals and from careful observations on man made
in laboratories, gymnasiums, and hospitals.

From the hundreds of studies that contribute in one way or another
to the answering of the above questions, three broad principles or laws
have emerged. These may be designated the overload principle; hyper-
trophy of use and atrophy of disuse, or the principle of reversibility; and
the principle of individual and sex differences. Such principles guide the
formulation of a philosophy of physical education that is scientifically
grounded when it advocates some segregated activities for older boys
and girls, strenuous programs for the development of strength, the
necessity of continuing an exercise program throughout life, negation of
absolute standards of strength in favor of standards related to individual
type and adapted to the everyday requirements of life, and a high degree
of expectancy of prompt results from a carefully planned program of
strength building.

REMAINING TASKS

The history of research in any field has some similarities to picking apples.
The early pickers can gzt fruit without reaching very high. Because the
lower branches are now bare some may think there is nothing left to pick.
The facts are otherwise in our field. There remain more problems unsolved
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thanany of uscan imagine. True, some are onrather inaccessible branches.
It may help to mention just a few.

At what stage in the development of an individual do muscle cells
cease to multiply? Does exercise in any way modify the timing of this?
Does the fact that all body proteins in man are renewed at least once in
160 days have any significance for training programs or training diets?
Does a strenuous training program shorten this ““turn over” period? Do
any of the metabolites of exercise modify the colloid states of cell proto-
plasm in a way that might give basis for prolonging the general flexibility
of youth? In what ways do exercise and the endocrine glands interact?
Are there any observable changes in the composition of blood constituents
in consequence of a period of recreational activity ? Are there any objective
measures of the amount of inner tension in a person that might be used
to observe the progress of recovery from so-called “‘nervous states,” and
thus be used to justify recreational activities? What objective evidence,
if any, can be found to throw light on the good or bad effects of highly
emotionalized competition on the female organism? Is this in any way
different from its effect on the male? What is the relationship, if any,
between mechanical and chemical stresses exerted on muscles, cartilage,
and ligaments in youth and the incidence of fibrositis, arthritis, and related
conditions in later life? Is there any relationship between swimmers’
cramps and the recency of alimentation, or blood sugar, or temperature,
or state of fatigue? What effect does *“drying out” to lose weight have
on vital body functions. What habits of living such as diet, exercise, and
emotional disturbance modify the clotting time of blood, modify other
blood ingredients that may predispose to vascular diseases? What changes
discernible by mental testing programs follow punishment inflicted to
the head as in boxing? What effects of boxing may be revealed through
intensive case studies of individual boxers? How do the vitamin and
protein needs in strenuous training differ from those of more sedentary
living?

Even such a list as this is in no sense more than indicative of the
vastness of the field for research. Obviously, some of the answers must
first be sought in animal experiments. To the student who is thoroughly
trained in biology and experimental psychology, experimentation on
lower animals makes sense even though he does not assume that all
findings are entirely applicable to man. The person who denies the
validity of animal experimentation reveals a shallow understanding of
the fundamental unity of living matter and the attendant implications for
experimentation.

This list also points to the necessity for working more closely together
with scholars in the fundamental sciences, such as biology, chemistry,
and physics.
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WHY THIS RESEARCH?

“Why This Research?" is answered in the analogy of woodchopping.
Woodchopping produces both useful wood and a better woodchopper.
Research must give to our fields the building materials of accurate facts
and principles with which to construct sound practice and wise philosophy.
It must supply ideas to kindle enthusiasm in our professional ranks and,
in the public mind, a warm reception for our programs.

Research must also create for us a professional personnel that is
expert in its attack on new problems, keenly alert to new opportunities,
wisely guided in the efficient application of its energies, and disciplined
with a fine humility that is fathered by confidence in one’s power and
mothered by an appreciation of one’s limitations.

THE RESEARCHER

In the last analysis no work is bet:er than the worker and the quality of
research depends entirely on the knowledge, wisdom, and personal
integrity of the investigator.

* %k
If you are well informec of advances in your field, and yet endowed with
a curiosity that breeds dissatisfaction with the present state of this
knowledge,

If you can ask significant questions and also formulate crucial methods
for discovering honest answers,

If you have imagination to conceive a dozen hunches, and at once the
industry to explore each until disciplined wisdom points to the one of
choice,

If you can concentrate on an issue, and yet be alert to happenings on
the periphery,

If you stick tenaciously to the rightness of your best hunch, yet possess
the objectivity to treat it with detachment as though it -vere another’s
and stand ready to give it up when it becomes untenable,

If enthusiasm and industry drive you to collect much data and you record
with equal respect that which supports and that which negates your
theory,

If you are possessed of a fantastic memory for facts yet are willing to
record them systematically as though you could not trust your memory,

If your mind works with speed and accuracy, and yet you double check
your calculations,
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If you are justly proud of your theory, yet humble enough to be led by
facts,

If you are ‘“*hell-bent’’ on proving your theory, and yet satisfied that
disproving it is just as great a contribution to knowledge,

If you have the courage to persist in the face of disagreement, and at
once the patience to listen to the opposition,

If you are endowed with energy for long hours of searching and have
enough left to organize, tabulate, analyze, and publish your findings,

If your mind is capable of holding the profoundest ideas and you have
the understanding and restraint to express them in simple words even
though you also know the big words,

If you are eager to forge a reputation for yourself, and at once willing
to acknowledge generously your indebtedness to the labors of others,

If you are really capable of research, and your activity persists beyond
your doctorate to the time when you must yourself supply both the time
and motivation,

If to all of the above you can give honest affirmation, you are better than
most of your contemporaries and predecessors but you are none too good
for service to health, physical education, and recreation.
* k%

Let no reader of this book be unduly impressed. Though it is written by
many of today’s best minds in our fields, the writers will be the first to
admit shortcomings. He would be a poor reader who could find no flaws
in these pages. Such discovery will not discourage the authors, but will
be welcomed by them as the mark of an intelligent rising generation. But
if such a generation will not be capable in time to produce a much better
successor to this volume, we of the present generation have cause to
mourn. For where, more than on the research front, must there be
progress! And how can there be progress if students do not excel their
teachers—each generation standing on the shoulders of its predecessors,
thus fulfilling the aspirations of the generation that begat it.
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PRINCIPLES OF
PROBLEM SOLVING

Benjamin H. Massey

University of Illinois
Urbana, Illinois

CHAPTER

“Each generation must seel: its own answers to the hitherto
unanswerable and define new problems for the next generation
to explore.”” —Anonymous

RESEARCH 1S DILIGENT and systematic inquiry—an investigation to dis-
cover or revite facts, theories, and applications (3). Basically, it is a matter
of problem solving through application of the scientific method of inquiry.
The purpose of this chapter is to present concepts basic to problem
solving. Other chapters deal with the techniques specifically appropriate
to the experimental, descriptive, and historical approaches. The principles
set forth in this chapier are general and for the most part are fundamental
to all forms of research.

A problem in the research sense is not merely a perplexity or frustra-
tion of the kind encountered in daily living or in the course of one’s work.
Rather, it is any proposition or question set forth for study and inquiry.
The word comes from the Greek proballein, meaning “to set forth,” a
contraction of pro, “forward,” and ballein, ““to throw.” Any proposition
advanced for examination constitutes a problem for research.

The scientific method of inquiry represents a special kind of inquiry.
This method is not restricted solely to the basic sciences; rather, it is a
method appropriate to all fields of study. The principles involved are as
applicable to research in history and philosophy as they are to research
in physics and chemistry. The word “science” comes from a Latin word
meaning “to know” (scire) and any systematized body of knowledge
gained through systematic study with due regard for tacts and principles
constitutes a science.
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RESEARCH METHODS

THE SCIENTIFIC METHOD

The scientific method represents the melding of two approaches to
understanding logic and practical experience. The Greeks and medieval
scholastics placed emphasis upon logical deduction. Starting with
axioms, accepted but nonverifiable propositions, the Greeks worked
through a series of logical steps to a conclusion. This procedure is illus-
trated by the deductive process commonly used in mathematics. For
centuries, conclusions reached in this way were considered immutable
facts. The scientific awakening of the sixteenth and seventeenth centuries
changed all this. Logic continued to be important, but men like Coper-
nicus, Galileo, Newton, and Harvey, to name a few, could not accept the
status quo. It seemed to them nonsense to accept as immutable truths
knowledge derived through mental gyrations based on suppositions
which in reality were nothing more than someone’s fallible opinion.
These pioneers wanted proof for everything. Proof to them meant testing
a proposition against practical experience through planned, systematic
observation and experimentation. Today, scientific inquiry involves
both logic and the empirical testing of propositions. Three basic steps
are always involved: 1) identification of a problem thrcugh formulation
of a specific question, 2) advancement of a tentative answer to the question

- —hypothesis—in the form of a stated proposition derived through

inductive and/or deductive reasoning,” and 3) empirical testing of the
validity of the hypothesis, proving it, through planned observation and
experimentation. The third step involves the basic research methods
referred to in Chapter 1, p. 7: observation, data accumulation and
treatment, generalization, and further testing of the derived theory.

Research

The Rationale of Research

The basic rationale underlying all scientific inquiry is man’s sense of
obligation to understand himself and his environment. He is driven to
problem solving through his innate curiosity and the desire to explore,
control, and predict the ways of the universe in which he lives. The
scientist has faith that the universe is orderly, if not purposeful, and as
such it can be described, understood, and predicted. The scientist believes
that if he asks a direct question of nature he can obtain, through obser-
vation and experimentation, a direct' answer. Causation is a matter of
concern, but recognizing that causation can never be substantiated, he
is content with the idea that cause exists if one phenomenon is always
associated with, and preceded by, another in time. The scientist has
faith that man is mentally suited to, and capable of, understanding the
universe and that any apparent aberration in the orderly processes of
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nature is a figment of his own thinking and inability to grasp the total
picture. He believes that his first and primary obligation is to bring
conceptual order out of chaos, and that this can be accomplished by the
continuous process of fragmenting phenomena into their many parts
and studying each fragment systematically and intensively. The scientist
considers it his obligation to simplify and give order to phenomena so
that each aspect can be better understood. It is his job to establish facts,
structure theories, and develop operational principles applicable to
practical ends.

The Myth of Orderliness

There is a popular conception that research is accomplished in a nice,
orderly fashion. This is'a misconception. Science strives for orderliness,
but this is more an ideal than a reality. The scientific method, as concep-
tualized, is quite orderly. An investigator should strive for orderliness -
in thinking and in practice, otherwise research experience can terminate
in fantastic confusion and frustration. However, despite the scientist’s
efforts toward orderliness, investigation and the acquisition of knowledge
are something less than an orderly process. They proceed by fits and starts
with periods of iedious observation and frustration interspersed with
sudden understanding and insight.

Two factors operate to obstruct the orderly process: 1) extraneous
circumstances beyond the control of the investigator, and 2) the way
in which man thinks. With respect to extraneous circumstances, there is
an overriding rule in research—if something can go wrong, it will. This
is especially true in studies involving humans. The cooperation of the
individuals being studied, environmental influences, an< research
protocol are all difficult to control. There are ways of minimizing frustra-
tions, but no way of removing them. Investigators, past and present,
have been chalienged to devisg methods to cope with such frustrations.
As a result, ever better methods of problem solving have evolved, so
that tocday we Liave a well-established method of scientific inquiry. The
researcher willing to adhere to accepted methodology will avoid many
pitfalls and frustrations.

The second obstruction to the orderly process of scientific inquiry,
the way man thinks, is not easily regulated. Man’s attempt to regulate
thinking has led to the discipline of logic. Despite rules and guidelines,
each man thinks in his own urique ways. Rules for problem solving
suitable to one man may be en.cely unsuited to another. The essential
feature in thinking is an unshackled mind. Preconceived notions and
arbitrary rules for problem solving must not obstruct the researcher’s
thinking and creativity. Mental alertness, ingenuity, and initiative are
atla premium in research. Insight, the fundamental purpose of research,
¢
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is as much a matter of chance and intuition as the outgrowth of logical
processes. An anecdote in the life of Henri Poincaré, the mathematician,
illustrates this:

For fifteen days I strove to prove that there could not be
any functions like those I have since called Fuchsian functions.
[ was then very ignorant; every day I seated myself at my work
table, stayed an hour or two, tried a great number of combina-
tions and reached no results. One evening, contrary to my
custom, I drank black coffee and could not sleep. Ideas rose in
crowds; I felt them collide until pairs interlocked, so to speak,
making a stable combination. By the next morning ! had ’
established the existence of a class of Fuchsian functions, those
which come from the hyrergeometric series; I had only to
write out the results, which took but a few hours.

Then I wanted to represent these functions by the quotient
of two series; this idea was perfectly conscious and deliberate,
the analogy with elliptic functions guided me. I asked myself
what properties these series must have if they existed, and I
succeeded without difficulty in forming the series I have called
theta-Fuchsian.

Just at this time I left Caen, where I was then living, to go
on a geologic excursion under the auspices of the school of
mines. The changes of travel made me forget my mathematical
work. Having reached Coutances, we entered an omnibus to
go some pla:. or other. At the moment when I put my foot on
the step the idea came to me, without anything in my former
thoughts seeming to have paved the way for it, that the
transformations I had used to define the Fuchsian functions

* were identical with those of non-Euclidean geometry. I did not
verify the idea; I should not have had time, as, upon taking my
seat in the omnibus, I went on with a conversation already
commenced, but I felt a perfect certainty. On my return to
Caen, for conscience’s sake I verified the result at my leisure.
(2: 36-37)

James D. Watson, one of the discoverers of the structure of DNA,
commented on the illusion of orderliness in research as follows:

. . . science seldom proceeds in the straightforward logical
manner imagined by outsiders. Instead, its steps forward (and
sometimes backward) are often very human events in which
personalities and cultural traditions play major roles. (4)

The Role of the Investigator

The critical element in problem solving is the investigator. This is not
surprising, since research is essentially a matter of thinking. The successful
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researcher brings to his task three qualifications: 1) motivation, 2) skill
in research procedures, and 3) a familiarity with the reievant body of
knowledge.

Motivation is a tricky matter. Mixed motives are the rule rather than
the exception. Often one is moved to research by such considerations as
professional advancement, impressing colleagues, adding another
publication to the list, or leaping the thesis hurdle. Such motives are
acceptable but should not dominate the researcher’s thinking. The
dominant motive must be a sincere desire to obtain the correct answer
to a question. The researcher must be motivated by curiosity if his
efforts are to have focus and purpose.

Skill in research is acquired only through experience. Reading about
research and the study of methodology is important, but actual
involvement in research is even more important. The more one engages
in the research process, the more competent one becomes. Failure to
become involved insures ineptness. Involvement is essential.

The importance of familiarity with the existing body of relevant
knowledge cannot be overemphasized. One cannot select a meaningful
problem without background information, nor can he conduct a signif-
icant study. Rescarchers, particulariy inexperienced researchers, all
too often attempt to formulate and carry out an investigation without
first searching out what others have reported. Time is wasted and the
findings more often than not contribute littie to man’s store of knowledge.

Significant Research

Any number of equally attractive problems are available to an investi-
gator. The task confronting him is to select one which has particular
significance. No professional is interested in wasting time seeking solutions
to problems of negligible importance or to those that have been already
solved. Identifying a truly significant problem, however, is no easy task.

The object of research is to establish a verifiable finding, a fact.
A fact, in scientific terms. is any verified or verifiable observation. Facts
at random lead nowhere, but when “ordered” and “conceptualized”
provide the basis for a zheory. Theories are the bases for structuring a
body of knowledge. Theories are broad conceptualizations which are
believed to be true in the light of the best available evidence. They can
never be fully substantiated. Theories provide the grounds for developing
principles—guidelines to decision making. Facts aie limited in scope and
relatively fixed. Theories continually change and evolve. As new facts
come to light, theories change consistently with, and for the purpose of
explaining, the new facts. Theories make it possible for us to move from
situation to situation with some confidence in our ability to make correct
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decisions. Without theories, one moves from crisis to crisis hoping that
the decision made is reasonably correct. A significant problem for study
is one which will lead to the establishment of a fact which has implica-
tions for modifying an existing theory or structuring a new theory.
Unfortunately, the selection of a problem for study often is based
on considerations other than its potential contribution to man’s store
of knowledge. The immediate needs of the researcher and the problem'’s
applicability to an immediate situation often .take precedence. Such
problems are too local to have broad and significant implications. Such
problems unquestionably are important in a transitory sense, but have
little permanence. Concerned with this point, Francis Bacon wrote"

Again, even in the great plenty of mechanical experiments,
there is yet a great scarcity of those which are of most use for
the information of the understanding. For the mechanic, not
troubling himself with the investigation of truth, confines his
attention to those things which bear upon his particular work,
and will not either raise his mind or stretch out his hand for
anything else. But then only will there be good ground of hope
for the future advance of knowledge, when there shall be
received and gathered together into natural history a variety
of experiments, which are of no use in themselves, but simply
serve to discover causes and axioms; which I call experimenta
lucifera, experiments of light, to distinguish them from those
which I call fructifera, experiments of fruit.

Now experiments of this kind have one admirable prop-
erty and condition; they never miss or fail. For since they are
applied, not for the purpose of producing any particular effect,
but only of discovering the natural cause of some effect, they
answer the end equally well whichever way they turn out; for
they settle the question. (1: 134-35)

A significant problem is one which contributes, even minutely to
man’s total store of knowledge and understanding (see Chapter 3, pp.
45-47). Too often old discoveries pass for new. Too often researchers
merely define, embellish, or couple together that which is already known.
Too often, devoid of the initiative and courage to respond to the
challenge of the unknown, they delight in repetitious data collecting, con-
tent with a safe, well-planned measurement study which leads nowhere.

Auguste Comte wrote that “‘reasoning and observation, duly combined,
are the means of . . . knowledge™ (1: 224). Careful and valid observation
isimportant, but unless one proceecs to make sense out of the observation,
it is useless. The ability to reason correctly with the facts at hand is
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important in problem solving. Thinking is an intangible process. How
it takes place and its determinants are not well understood. We do know
it is hard work and most of us avoid it at all costs. It is easier to make
observations than to interpret them. Native intelligence, past experiences,
interest, and focus of attention contribute to the process of thought.
Descartes concluded that the primary reason that individuals reach
different conclusions was, ** ... that we conduct our thoughts along
different ways and do not fix our attention on the same objects.”” He
went on to observe, “For to be possessed of a vigorous mind is not
enough; the prime requisite is rightly to apply it (1: 163).

Traditionally, reasoning has been classified into twu categories, de-
ductive and inductive (see also Chapter 10, pp. 267-268). These represent
different approaches, but are not opposite extremes of one continuum.
The two may be used in combination. They represent mental constructs
of how man proceeds in ordering his thoughts and in drawing conclusions.
They are useful conceptual models designed to help us think more
definitively about the process of reasoning. The deductive method starts
with general axioms and l!eads to specific corollaries—conclusions
considered settled and beyond question. It is the method of certainty.
The inductive method starts with many particulars and proceeds toward
axioms and theories, moving along a course during which intermnediary
propositions and principles are developed. It is the method of probability.

The deductive method, used so effectively by Aristotle, is the method
of **cold reason.” It is the method of the logician: “If this, then that.”
The process starts with a self-evident, accepted truth—an axiom—and
through a series of steps argues to a conclusion. It is a method particularly
useful in deducing principles from established theories, which, inci-
dentally, have been inductively formulated from observation. The
deductive method is the method of certainty, for its conclusions must
be true if the original premise is true, and reasoning proceeds step-by-step
according to the established rules of logic. Every schoolboy has en-
countered the method in geometry. The following is an example of the
deductive method of reasoning: .

a. Participaticn in varsity sports builds character.

b. Football is a varsity sport.

c. Therefore: participation in football builds character.
A number of schemes have been established by logicians for reasoning
deductively. These are described in standard textbooks on logic. The
prospective researcher could profit from taking at least one course in
logic, for reasoning deductively requires experience and training. In

the hands of the inexperienced, the method can lead to erroneous con-
clusions with all of the confidence of certainty. If an original premise is
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incorrect, or if any step in the argument is incorrect, the conclusion
will be incorrect. The novice, attempting to reason deductively, is apt
to arrive at an incorrect conclusion. The trained logician will not do so.
Inductive reasoning is the method which leads from observation
of a number of specific cases to an overall conclusion. It is the method
leading from particulars to generalized concepts.
, In this method, particular events are observed, and the observations
are ordered, organized, and classified. A search is made for a pattern of
uniformity from which a generalization can be drawn and stated in
terms of probability, not cértainty. Through the years, elaborate statistical
procedures have evolved, making it possible to draw inferences from data
at specified levels of probability. Without such statistical formulae, it
would be impossible to organize and draw rational conclusions from
the masses of data now made available through modern instrumentation.
The inductive method requires that data be ordered and analyzed in a
concise, direct fashion.

Certainty and Probability

Sooner or later every researcher must come to grips with the problem
of “knowing.” How can he be certain that his conclusions are correct?

To the nonresearcher, the findings of an investigator are absolute,
especially if the findings support a prejudice. “Research shows this,”
or, “research shows that,”” are familiar phrases. Articles in popular
journals frequently relate with certainty scientific findings which, in

zpproach to the interpretation of findings may do irreparable harm.
Not only is the public misled but also research is stifled. Why study a
problem which has already been solved? Even mature professionals
sometimes are so naive as to believe that a single study will answer a
question. To them repeated studies seem unwarranted and, academically
speaking, “not cricket.” This view discourages sustained study of a
problem. Conseguently, all too often only the surface of important
problems is scratched, while professors and students search frantically
for new problems to investigate. Studies in series permit clarification
and crystallization of one’s thinking, which leads ultimately to a reason-
ably certain answer.

The modern scientist does not attempt to deal in certainty. Knowing
is a mhatter of probability rather than certainty. The findings of a study
are expressed at some selected level of probability. This is not a serious
limitation, for as Sir Arthur Stanley Eddington has pointed out, “When
the probabilities are large the substitution of probability for certainty
makes little difference; it adds only a negligible haziness to the world”
(1:439).
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Probability as a research concept is not difficult to grasp, ever though
some have a mental block to anything statistical. Probability has the same
meaning in research as it does at the racetrack or when playing cards,
throwing dice, or gambling in any form. In fact, it was from the gambling
halls of central Europe that scientists got the idea of using probabilities
in research. Probability merely is a matter of estimating what will happen
in the future from what has happened in the past. For example, in throwing
dice the six faces of a die can be expected to show equally often—the
six face, one-sixth of the time; the five face, one-sixth of the time; the
four face, one-sixth of the time; etc. The probability for any specific
face turning up is one-sixth, or about 17 times in 100 casts. We have
learned to expect this from having thrown perfectly formed cubes many
times. When this probability does not occur, the conclusion is reached
that the die is loaded. In a loaded die the probability is changed and
we can learn what the new probability is only by casting the die many
times.

In research, if condition X always follows condition Y, or at Jeast
99 times out of 100 condition X follows condition Y, in future trials X
is expected to follow Y approximately 99 times out of 100. This is the
level of probability. Practical experience has demonstrated this to be
the expected rcsult. Research is practical. The scientist observes and
establishes on the basis of observation an experiential basis for predicting
future events at a given level of probability. Findings often are expressed
in terms of probability. Despite the importance of repeating studies,
it is not always feasible to repeat them over and over, hundreds of times.
Consequently, elaborate statistical methods for inferring probability have
been devcloped. To utilize these tools, an investigator must become well
schooled in statistical theory.

In some areas of research, history for example, the findings are a
matter of subjective interpretation. To date, no easy way has been
discovered to quantify and express historical findings in terms of prob-
ability. The conclusions of the historian must be based on his subjective
interpretation of the data. He must select the explanation he believes to
be most tenable. Statistical procedures applicable to historical research
will, it is hoped, be developed.

It might be inferred from what has been stated that the scientist
rejects the concept of any ultimate absolutes. This, however, is not the
case. But the scientist is practical. He recognizes that human limitations
do not permit exact knowledge of any phenomenon, even an absolute.
Further, he recognizes that man is incapable of proving anything to
the satisfaction of all concerned. Consequently, he is content to live and
function in the realm of probability, leaving arguments regarding reality
and absolutes to the philosopher.
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Cause

Cause represents to the researcher a special kind of problem. Historically,
the ultimate aim of research was to discover cause. The premise was that
if the cause of a phenomenon could be identified, the basis would be
established for the prediction and control of resultant events. The difficulty
with cause as a scientific concept, however, is that of establishing its
certainty. The term cause implies that, in a very direct way, one phenom-
enon initiates and determines a second. Two events must occur in exactly
the same relationship, one giving rise to the other in every eventuality, if
the relationship is to be accepted as a causal one. It is not feasible, in fact
it is impossible, to test every eventuality. Such a venture would continue
indefinitely. Consequently, the scientist has found it impracticable to
attempt to establish cause. Rather than discarding the term, however,
he has chosen to define it in a special way: a recurring chronological
relationship between two phenomena. If, in the course of experience,
phenomenon A is observed to occur systematically in association with,
and to precede, phenomenon B, then A may be accepted as the cause
of B, without further proof. This solution to the scientist’s dilemma
might sound like “nit-picking,” but it does provide a precise, workable
definition of cause on & simple, descriptive basis, and eliminates the
obligation to prove the impossible, namely, the existence of a true causal
relationship between phenomena.

Terminology

Problem solving requires clarity of communication as well as clarity
of thought. It is doubtful if one can exist without the other. The importance
of thinking logically in research is well accepted, but the importance of
clarity in communication is not always associated in one’s mind with the
research process.

Our thoughts are of little value to anyone but ourselves unless we
can communicate them to others. Through communication we submit
them for review and evaluation. The solution of a problem cannot be
accepted as fact until it has been verified. Obviously, a study cannot be
repeated and the findings verified unless it has been reported in clear,
concise language.

The scientific method demands that each word and symbol have a
precise meaning. The words used must refer to definite, identifiable
objects and concepts. Each noun must have an absolute referent. Fre-
quently, in exploratory work, a concept arises for which a word or
symbol does not exist. A word or symbol must be coined. More often,
however, a frequently used word has too many referents. The investigator
in such aninstance is obligated to define the particular word as specifically
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as possible, to give it the meaning he wishes it to have. The emphasis
placed on the use of specific definitions and the coining of terms has
led to the development in each discipline of a jargon peculiar to that
area of inquiry. The result has been that communication for **in-groups™
has improved, but language barriers have arisen between disciplines.
Such barriers may be undesirable; however, no good way of avoiding
them without sacrificing precision in terminology has yet been devised.
To communicate with scholars in a particular field requires one to become
conversant in the terminology of that field. It is a matter of learning a
new language. Every beginning researcher must learn the language of
his area of inquiry and learn to respect the words and use them correctly.

Basic Assumptions

An investigator undertaking a study has to make certain basic assump-
tions. These assumptions are the starting point for an investigation. A
basic assumption, or postulate, is a proposition which is not testable
but is accepted as true in the light of the best available evidence. This act
of faith is important, for without basic assumptions, each investigation
would have to begin at thie very earliest stage of knowledpe. Each
investigator, like René Descartes, would have to prove first his own
existence and from that point test each subsequent proposition. Such
a procedure would be ridiculous.” Alfred North Whitehead (1: 351) has
said, **. . .. the very groundwork of a fruitful methodology is to start
from those clear postulates which must be held to be ultimate sc far as
concerns the occasion in question.”

Some basic <seuimptions are so basic and so much a part of the
philosophy of the scientific process that their existence may not be
recognized. An example is the assumption that the universe is orderly,
systematic, and predictable. Circumstantial evidence indicates this to
be true, but man has no adequate method of testing this proposition.
Another assumption fundamental to the research process is that the
human mind is capable of sensing and interpreting the world about it.
A third underlying assumption is that anything which exists must exist
in some measurable quantity. These unstated and often unrecognized
assumptions are, in essence, unprovable value judgments so basic and
so universally accepted that we proceed with our research without
giving them a second thought.

There is another category of basic assumptions implicit in the research
process, not quite as subtle as the group mentioned, and normally
accepted as a matter of convenience and common sense without being
verbalized. These are the assumptions underlying research methodology.
Normally, foréxample, it is assumed that other researchers are basically
honest, competent individuals and that the findings reported in the
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literature are valid. Further, in historical research it is normally assumed
that although the primary source materials utilized may individually
contain error, when taken in toto they present a reasonably valid picture
of the past. Another example of this kind of assumption concerns the
use of statistics. It is assumed that the statistical formulae utilized have
been appropriately derived, based on sound theoretical concepts, and
are valid for the task at hand. Obviously, these kinds of assumptions
are essential to the research process, but like those underlying the
philosophy of scientific inquiry, they may not be recognized and seldom
are verbalized.

A third class of assumptions which must be made are those specific to
the study at hand. Such assumptions must be clearly stated or explicitly
implied. They may relate to the total field of inquiry on which a study
rests or may pertain to a single aspect of the study. An investigator
studying the effects of an exercise routine on physical fitness must assume,
for example, that physical fitness is a real, identifiable entity subject to
definition and measurement. In the absence of exhaustive validative
evidence he will have to assume that the test being used to measure
physical fitness does measure it, that the exercise routine which has been
selected for use is sufficiently intense to induce a change in fitness, that
the training period selected is sufficiently long to effect a change, that
the factor(s) selected fcr measurement represent fitness, that the factors
selected can be adequately measured (quantified), that the units selected
to quantify the phenomenon are suitable for that purpose, and that the
instruments to be used will adequately reflect the variables measured in
the units selected. All of the items listed may be accepted as basic assump-
tions by one investigator, while a second may be skeptical and unwilling
to accept any as assumptions.

Any proposition not supported by circumstantial evidence and logic
as being highly probable should not be accepted as a basic assumption
on which to base an investigation. Every investigator must ask and
satisfactorily answer two questions: 1) What are the assumptions upon
which this study rests? 2) Is each assumption logical in the light of existing
knowledge?

A Researchable Question

Earlier, it was indicated that problem solving by the scientific method
involves three overt steps: 1) asking a specific question; 2) advancing a
logical hypothesis representing a tentative answer to the question;
and 3) testing the hypothesis, proving or disproving it, through direct

. observation. Each step is important but the first is basic, setting the
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A researchable question does not come by chance. It is usually the
result of reading, reflective thinking, and practical experience. The
beginning researcher can read and think reflectively, but experience in
the field and in research is necessary to formulate a substantive question.
For the graduate student, assistance may be required from the thesis
adviser or committee. \

A good question is one stated in simple, direct, clear terms. It should
be free from ambiguity, with each term and phrase clearly defined with
respect to a specific referent. It should lead to a clear, well-stated, testable
hypothesis.

Developing a question from a gencralized idea is not easy. It is an
art demanding a great deal of cxperience and skill. Too frequently
investigations arc begun without a specific question asked or a basic
thesis developed. Such investigations are little more than superficial
looks or haphazard collections of data dignified by statistical analysis.

Ideas for research can originate anywhere—through observation,
reading, or conversation. Initially such ideas are usually nebulous and
too generalized to be researched. Initial ideas must be pared down to
manageable, researchable size and form. The task requires imagination,
ingenuity, skill, and concentrated effort.

The Hypothesis

A question, by its very nature, demands an answer. A researchable
question may have any number of potentially good answers which
appear equally feasible. The task confronting an investigator is to identify
the one most seemingly correct and to check it through systematic,
controlled observation. This procedure is straightforward and effective.
The tentative answer selected for investigation can best be checked if
set forth as a proposition to be proved tenable or untenable. The word
proved, in the language of science, does not mean to support or Jjustify
one’s preconceived opinion. Rather, it signifies the objective testing of a
proposition. The proposition set forth represents the investigator's
belief as to the most logical answer to the question. It is called the Aypoth-
esis from the Greek words, hypo, meaning “under,” and thesis, *“‘to put
or set down™ and, in essence, it is a scientific guess. By definition, any
proposition put forth for consideration is a thesis, and any thesis upon
which an investigation rests, that is, is set forth to be proved, is a hy-
pothesis.

Formulating a rational hypothesis pertinent to the question asked
is the most efficient way to proceed in obtaining an answer. If something is
lost, there are an infinite number of places to look. An intelligent person,
however, does not begin to search blindly, in a haphazard manner.
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First, he will think back and decide where the article most likely was left.
He will then proceed to look in that location. Similarly, in research,
the most feasiblc hypothesis available in iiic light of existing information
should be the proposition set forth for testing. If the proposition stands
up under careful observation and proves tenable at a high level of prob-
ability, it can be considered, for all practical purposes, as the right
answer. If the hypothesis, however, does not prove tenable, then grounds
have been established for selecting another hypothesis for testing. In
testing a hypothesis, it is important to remember two things: 1) failure to
substantiate a hypothesis as tenable at a high level of probability does not
prove the hypothesis wrong, rather it merely indicaues that the hypothesis
has not been demonstrated to te tenable at a level of probability ap-
proaching certainty ; 2) if the hypothesis is a good one, it is just as impor-
tant to find that it is not tenable as it is to find it tenable. In other words,
negative findings are important, and the researcher should not feel
obligated to substantiate the hypothesis he selected for testing.
Every rational study involves a verbalized or implicd hypothesis.
In some, the specific hypothesis to be tested is clearly stated. In others,
the hypothesis is impiicit in the stated purpose of the study and is not
verbalized. The more that is known about a problem, the easier it is to
state a hypothesis. If there is little existing knowledge, the development
of a specifically worded proposition is difficult to accomplish. An investi-
gator does not know in which direction to look for the answer. In an
exploratory, descriptiv: study, for example, so little information is
available that a concrete hypothesis is difficult to formulate. In fact, the
purpose of such a study normally is to gain enough information to
establish hypotheses leading to more definitive research. In such instances,
the nonverbaiized hypothesis on which the investigation rests is that
there exists an underlying uniformity sufficiently distinct to make mean-
ingful description of the phenomenon possible. If the investigator did
not expect to find a describable pattern, the investigation would not be
undertaken. Only the most foolish individual would waste time observing
and dcscribing random variation. Historical and social research often
is descriptive, so hypotheses to be tested are not stated. The investigator
expects to find some trend or pattern of events which will serve to answer
the question researched and proceeds to make appropriate observations.
Background information is essential for selecting and formulating
a significant hypothesis. Consequently, one should acquire as much
information as possible concerning the question under consideration
before attempting to establish the hypothesis. Fortified with adequate
knowledge, a definitive, meaningfully worded hypothesis can be structured
which will give focus axd direction to the study. This will prevent needless
waste in energy and-/time in the collection of useless data. Further, it
will lead to specific findings and make possible definitive conclusions.
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Testing the Hypothesis

The third step in problem solving, proving the hypothesis, invclves
testing through practical experience the validity of the thesis advanced.
This, to many, is what the word research signifies. The step includes
planning, making, and recording the observations (data), analyzing
the data, and drawing conclusions. This step uniquely characterizes
the scientific method of problem solving. It reflects the skepticism of the
practical mind. Irrespective of how feasible something may sound, it
must be tried out before being accepted. This we do in the daily course
of human affairs, and it is equally as reasonabie to follow this course of
action in dealing with ideas and theories.

Hypothesis testing is a sensible, straightforward process. The
investigator is testing his logic. He wishes to discover if the proposition
postulated. is, in fact, correct. If it has been logically aerived from the
best available information, it matters little whether it is proved tenable
or untenable. Either finding is important and when an investigator
places extreme emphasis upon supporting a hypothesis one suspects
immaturity as a scholar.

The approach tc testing a hypothesis is determined by the nature of
the problem, with the demands of the historical, descriptive, and ex-
perimental methods all differing. Irrespective of differences, all require
that there be careful selection of the observations to be made, careful
recording of the observations, intelligent analysis of the data, and the
drawing of definite conclusions.

The practical steps in testing a hypothesis arc as follows:

1. Clear identification of the phenomena to be observed—The phenom-
ena to be observed must be clearly identified and described. Observations
may be of any type as loiig as they are relevant to the purposes of the
study. Court documenis, personal letters, monument inscriptions,
statements by individuals, human behavior of all sorts, and physical
characteristics are kinds of phenomena to be observed.

2. Recording observations—Qbservations must be recorded in usable,
retrievable form. It is one thing to observe a phenomunun, quite another
to recall it accurately. An observaiion first must be reduced to manageable
terms, then recorded in a relatively permanent, readily accessible form.
‘The variety of forms in which observations can be recorded are infinite.
They may appear in short, concise summary statements, as alphabetical
letters signifying categories, or perhaps reduced to some standard unit of
measure, e.g., pounds, meters, yards, or microns. The objective always
is to simplify and facilitate conceptualization of the thing observed.
Since observations, when recorded, constitute the data to be analyzed,
they must reflect accurately thc quality and quantity of the thing observed.
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1t would be absurd to try io report distance in pounds or the height of
boys in miles. Inappropriate units lead to hazy, ncbulous findings.

3. Selection of appropriate methods of observation—All observation,
in the final analysis, is a matter of sensory input. This is readily apparent
when the observation is made directly with the eyes, ears, or some other
sense modality. It is equally true when the observation is accomplished
indirectly, utilizing complex, sophisticated instrumentation. Instruments
amplify and enhance the powers of natural observation. Consequently,
an observation utilizing high fidelity equipment can be much more
accurate than an observation accomplished through ordinary scnsory
input. Meter sticks, force gauges, microscopes, telescopes, clectronic
recorders, questionnaires, and checklists are instruments which have
been devised to enhance the powers of observation. They objectify and/or
amplify that which is observed. Scientific progress through the ages has
directly coincided with improved instrumentation. The scientific break-
throughs associated with electron miscroscopy, carbon labeling, and
iaser beams illustrate this point.

4. Ildentifving the inference base—The findings of a study, to be
meaningful, have to be applicable to a definable group of individuals
or objects. Such a group constitutes what is known as the inference base.
In statistical studies. the inference base is the population or universe
from which the sample to be studied has been drawn. In historical studies,
it is a selected period of time and selected groups of people. The impor-
tance to a study of having a clearly defined inferenre base is inestimable.
It extends the relevance of thc findings beyond the immediate scope
of the study, makes sampling feasible, and gives focus to the research.

The value of an inference base becomes clear when one realizes
that no one investigator, in one lifetime, can possibly hope to collect
all the data relevant to a significant problem, nor, in many instances,
can he hope to measure all possible relevant eventualities in a single
study. He is forced to select and chioose the specific phienomena on which
he wishes to focus. One interested in the jumping ability of jackrabbits
cannot possibly hope to measure the capabilities of all jackrabbits
living at any given time. Rabbits come and go too fast 1o make this
possible. Defining a potential population and sampling it is the only
feasible recourse. A study of the attitude of educators toward inter-
collegiate athletics likewise could go on indefinitely unless the investigator
identified precisely what constituted an educator according to his
purposes. He could, for example, define educators as all tcachers who
had ever lived, but this would make an unmanageable situation. More
feasibly, he could direct his attention to all college professors teaching
at four-year institutions in the United States during the 1975-76 academic
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year. Findings based on an appropriately drawn sample legitimately
can be generalized to the entire population when the inference base has
been clearly established.

5. Controlled observation—QObservations can be distorted through
numerous extraneous influences. A single unknown factor can lead to
erroneous conclusions. For example, persons interested in examining
changes in body size through weight training should not use a linen tape.
Cloth tapes. will shrink and an apparent increase in arm size will seem to
have occurred when none actually took place. Systematic influences of
this sort introduce bias which leads to faulty findings. Systematic error
can infiltrate in many ways, e.g., an investigator's attitude, inferior
instrumentation, and environmental changes are common sources of
error.

Not all extraneous influences, however, cause systematic errors.
At times the result is random error. Random errors fluctuate in an
unpredictable plus and minus fashion. These variable types of errors
reduce the precision of data, making firdings difficult to interpret, and
lead to confused, indefinite conclusions. Inaccuracy in data because of
systematic error (bias) or variable error (random fluctuations) tends to
invalidate a study.

6. Proof of data reliability—One cannot assume from the work of
others, or from one’s own work, irrespective of the care exerted, that
a given instrument or procedure provides accurate data. Each investigator
must check and present evidence of the reliability of his own observations.

- Data reliability can be checked in a number of ways. This is accomplished
normally by repeating the observations and then checking the degree
to which the measures deviate, one from the other. The true measure of a
phenomenon can never be known. Hence, the average of repeated
measurements usually is accepted as representing the correct value.
This average can be used as the basis for estimating the error of fluctuation
observed in the repeated measures and gives some idea of the accuracy
of the data. Probably the most frequently used method of checking data
reliability in educational circles is to test a group of subjects twice and
then to correlate the results. There are other methods also available for
checking data reliability. Irrespective of method, however, the objective
is the same, that is, to discover if the measurements obtained are repro-
ducible. The reliability of data must be demonstrated before the data
can be considered valid, and valid data are prerequisite to hypothesis
testing. The care shown by an investigator in checking the reliability
of his observations reflects his thoroughness as a researcher.

7. Validation of observations—Data, to be valid, must be reliable,
but reliable data are not necessarily valid. If, with repeated observation,
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one obtains the same results, it usually is assumed that the observations
are accurate. The reproducibility of observations, however, only guar-
antees that the method of observation is consistent. It does not assure
that one is truly measuring what he thinks he is measuring. Repeatedly
looking through a telescope at what one thinks is Mars, carefully aligning
the telescope and equally carefully recording the observations insures
reliable data. It does not insure that the observer actually is viewing Mars.
In reality he may be seeing Venus. The observations are reliable, but not
valid. Knowing whether data are valid or not is extremely important but
very difficult to check. Consequently, data are often assumed valid
without adequate proof.

Ways have beendevised to test the validity of data. One method which
often is thought of as a check on reliability, but which in reality is also
a check on validity, is to have two or more observers, independently,
observe a phenomenon. If the same thing is seen and recorded, it is
assumed that the observations are both reliable and valid. This procedurc
is suitable in those studies involving direct observation of a phenomenon.
When instruments are utilized, validity must be assessed in other ways.
Frequently, the report of reputable investigators who have studied the
validity of an instrument or technique can be accepted as sufficient
evidence of validity. Such proof is considered especially strong if several
independent investigators report the same findings. If, however, an
instrument has not been validated by others, an investigator has two
choices: he can discard that instrument and select one which has been
validated, or he can test the validity of the instrument for himself before
proceeding with the study.

8. The calibration of instruments—A matter related to the reliabiiity
and validity of data is the matter of instrument calibration. Mechanical
and electronic instruments, in particular, must be carefully calibrated
before data collection begins and repeatedly calibrated throughout the
course of a study. Calibration is accomplished by checking the measure-
ments obtained with a particular instrument against more precise
measures of the same phenomenon. Dynamometers used in measuring
strength, for example, can be calibrated by suspending known amoznts
of weight from the dynamometer. Investigators often show considerable
originality in devising methods of calibration. In a study utilizing rebound-
ing tennis balls, the investigator calibrated the balls daily by dropping
each an established distance and measuring the height of rebound. Any
ball failing to rebound to the proper height was replaced with a new ball.

The method of calibration selected must be appropriate to the
utes to the accuracy of data and eliminates one factor which can invalidate
a study—faulty observation. Any method of calibration is suitable which
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produces accurate information. (For a detailed discussion of calibration,
sece Chapter 7. pp. 115-121.)

9. Recording data—Data ultimately have to be interpreted. The
form in which they are recorded and the level of precision achieved
limit the preciseness and accuracy of findings. Recorded data should be
reduced to the simplest possible form and stored in some permanent
fashion. They might be written legibly on a specially prepared record
sheet, stored on tape for later playback, or located on computer cards.
Modern computer systems make the storage and analysis of vast sums
of data practicable. The protocol for making observations should be
planned in advance and carefully followed with modification made only
in extreme circumstances. A basic rule to avoid data error is simplicity
of procedure and frugality in handling. The less complex the procedure
and the fewer times it is handled, the less likelihood of error.

10. Data analysis—Descartes set the pattern for analyzing data
when he proposed that a problem, to be solved effectively, must be broken
down into its basic parts and each segment dealt with separately,
proceeding from the simplest to the most complex. Data summarized
and organized into logical segments are conceptually manageable.
Appropriately used mathematical and statistical formulae help in
accomplishing this task. Inappropriately used foimulae complicate
rather than simplify, confuse rather than clarify. At completion, the
analysis should provide a conceptually clear basis for decision making.

1. Decision making—The objective in research is to obtain a yes
or no answer regarding the tenability of a hypothesis, recognizing, of
course, that an answer in absolute terms is impossible. The answer can
be correctly couched only in terms of probability. The decision made
should be reached objectively, based upon sound data. The temptation
to twist, modify, and overgeneralize must be resisted. Conclusions ought
to be restricted to the data actually on hand. Analyzing data is principally
a matter of common sense and experience. It requires reflective thought
with an open mind and a willingness to forego pet, preconceived opinions.

The hardest step in hypothesis testing is forming a definitive conclu-
sion, that is, drawing a conclusion without unnecessary equivocation.
At this point in an investigation the skill of the investigator as a researcher
is placed on the line. Some individuals attempt to avoid the obligation
of clear-cut decision making by presenting a summary of observations
and leaving the reader to interpret them. The rationale for this is that
no one has the right to impose his thinking on others. Let each interpret
the data as he likes. The fact is, however, that research is an art and the
the most important function occurring during data collection and analysis
is the development of insights. Consequently the investigator, and he
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alone, is in a position to draw valid conclusions. A study is not complete
until a conclusion based upon the best available evidence has beer drawn
and clearly stated.

Criteria for Good Research

There is more to successful research than following a series of prescribed
steps by rote. The approach, the way of doing things, is very important.
Through the years the works of successiul scientists have been charac-
terized by the following:

L. Intrinsically interesting problems—A problem for study must be
interesting, at least to the investigator. It must hold significance for the
researcher even though it may be only a matter of satisfying curiosity.
Ulterior motives, e.g., impressing colleagues, satisfying a thesis re-
quirement, or listing another publication are not sufficient to guarantee
good research. Conducting a thorough study requires long, tedious hours
of collecting, sifting, and analyzing data, and of engaging in hard,
concentrated thought. Extraneous rewards alone will not provide the
motivation ngcessary to study a problem thoroughly. Only genuine
curiosity ensures full commitment to obtaining the answer ¢o a question.
Often studies fall by the wayside from a lack of genuine interest on the
part of the investigator or, if completed, are so poorly done that the
findings are questionable.

2. Objectivity—Truth begets truth and error begets error. Objectivity
is the key to arriving at the truth. An investigator must strive at every
step to eliminate personal bias, to be intellectually honest, and to put
aside prejudices and opinions. A correct answer is the end resuit of
rigorous, objective enquiry.

3. Simplicity—Problem solving requires moving from the complex
approach to the simple. Complicated approaches serve only to confuse,
not elucidate. A first principle of the scientific method is simplicity. When
two or more choices are open to an investigator, whether they concern
instrumentation or the selection of a statistical formula, all else being
equal the simpler of the two is the correct choice.

4. Fragmentation—Concomitant with simplicity is the scientist’s
penchant for fragmenting. ‘‘Each in its own turn™ is the rule. The scientist
does not attempt to attack all fronts at once. He does not deal with a
problem globally, but breaks it down into its parts, focusing attention
on each in turn, moving from subproblem to subproblem until the whole
problem is solved.

5. Orderliness—Inherent in the scientific method is the principle of
order. From Aristotle’s time to the present, the sci¢ntist has been com-
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pulsive in his commitment to order. He feels compelled to organize,
categorize, and classify. Good research is characterized by orderliness
in planning, data analysis, and reporting.

6. Quantification—There is a basic scientific premise that if a
phenomenon exists, it can be measured and if it can be measured, it can
be understood. Anything which cannot be measured can scarcely be
conceptualized and for all practical purposes does not exist. Not all
phenomena lend themselves to easy quantification. The researcher has
an obligation, however, to attempt to measure that i which he is inter-
ested. With effort, an understanding of the phenomenon gradually
evolves.

7. Verification—Paramount in research is commitment to verifica-
tion. Each step in an investigation should be subject to verification
through checking and rechecking. The thorough investigator checks
the validity of his instruments, the reliability of the data, the adequacy
and correctizess of the statistical procedures employed, the legitimacy
of his conclusions, and, above all, the accuracy of the written report.
The written report is particularly important, since it makes possible
verification of the findings by other investigators.

8. Precision—There is no tolerance in science for haziness. Within
the limits of one’s ability, and consistent with the objectives of a study,
precision is expected. One should strive to be as precise as the nature of
the problem requires—no more, no less. An appropriate level of precision
is essential in the use of words, planning protocol, making observations,
recording observations, analyzing data, and interpreting findings. The
report should be precise, with direct, clear wording and a minimum of
complex terminology.

9. Patience-—A good research question cannot be answered easily.
If it could be, it would have already been answered. It is the difficult
questions which require research and the answers come only with intense
effort and patient, reflective thought. An answer, at least the correct
answer, cannot be hurried.

10. Involvement—There is an adage that if you want something
to be done weil, do it yourself. This is particularly true in research. In
fact, it is the only way in which research can be accomplished. Research
can be a cooperative venture by several persons, but it is not something
that one person can do for another. The essence of research is thinking,
and one person cannot think for another. The uninvolved researcher,
removed from the research process, has little feel for or understanding
of the data. The research process requires that one actually engage in
planning and making the observations. Without such involvement
it is virtually impossible to gain the insights necessary to decision making.
Q
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The most important single outcome of a study is not the listed findings,
but rather the insights and crystallization of thought growing out of
actual involvement. :

The Successfui Researcher

Irrespective of all that has been said about research up to this point, the
final key to successful research is the researcher. He must bring to the
task the attributes of creativity, independence of thought, and compiet
honesty. He must be skeptical to a reasonable degree, alert, seif-
disciplined. and both willing and capable of engaging in intense mental
effort. He must be receptive to new ideas and ways of thinking, but
at the same time have convictions. He must be patient and persevering,
with confidence in his own ability. Other qualifications of the successful
researcher are discussed in Chapter 3, pp. 48-49.
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FREQUENTLY ONE OF THE GREATEST difficulties for a newcomer to research
is the identification and complete definition of a problem. Beire aware
of the large number of research studies already available in his ..:ld, he
may think that there are no more problems to be solved through research.
On the other hand, he may jump enthusiastically into collecting a mass
of data without formulating a clear purpose or hypothesis to test and with
only a vague idea of the problem he wishes to solve. He does not realize
that before the solution can be found, considerable thought must be given
to a clear and specific definition of his purpose, the dimensions of the
study, the possible hypotheses that might be examined, the assumptions
upon which the study would depend., and whether it really has worth.
This chapter attempts to guide the beginner through the steps involved
in the selection and clear and complete definition cf a research problem.

IDENTIFICATION OF THE PROBLEM

The first task of the research worker is identification of the problem. (As
discussed in Chapter 2, pp. 25-26, the temptation to select a research
problem for the wrong reasons must be recognized and handled objec-
tively.) Research originates from a perceived problem in need of resolu-
tion. Any situation which cannot be handled by a satisfactory past habit
pattern needs a new form of action, developed and validated through
research. Thus any unsolved prublem in an area of professional endeavor
may become a potential research project. Any time tnere is insufficient
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knowledge for understanding a phenomenon or conflict of opinion, a
possible research project is indicated. John L. Hayman, Jr., Director of
Research for the Philadelphia Public School System, has said:

Generally, there are three reasons why research in an area is
needed: 1) there is no information at all on some particular
and important aspect of the area; 2) there is incomplete
information so that further investigation, suggested by the
information at hand, is needed ; and 3) there is information
which appears to be completc and highly uscful but which is
not well substantiated. (4:15)

Many beginning researchers fail to realize that previous research,
instead of solving the problem completely, may merely point the way to
many more studies. Similarly, these earlier studies often need extension
or duplication. For example, Carter V. Good explained that:

Historical sources accumulate with each passing event, making
necessary the extension of earlier historical narratives and
sometimes a reinterpretation of older accounts. Descriptive-
survey studies are soon out of date and must be repeated,

as in the annual school! census for a local system. Controlled
experiments are repeated to test the validity of earlier
investigations. (3:51)

To find a satisfactory research problem, the beginner may have to
develop a sensitivity to problems. He will need to change his outlook if
he has tended to accept without question 1) all that is printed in profes-
sional literature, 2) the procedures of his instructors, and 3) professional
practices which he has observed. A critical attitude, linked with logical
thinking, can lead the researcher to recognize problems which he never
realized existed.

Thus, one source of problems for research lies within the researcher
himself. He becomes alert to faulty reasoning of colleagues, instructors,
and authors. He develops a keenness of perception, so that he becomes
aware of procedures that may be questionable. He lessens his inclination

"to accept conclusions without sufficient evidence (those conciusions

based on incomplete study or no research at all). He becomes especially
critical of the assumptions upon which many professional procedures are
based. He observes these procedures, continually asking himself, “why?"”
If a need for verification becomes evident, the thinking process has begun
to direct attention toward a specific problem for research.

Van Dalen (5) has listed five ways of locating problems. The first
was to cxplore the literaturc in a particular area of interest, list the theories
developed by others, and examine studies designed to test these theories.
While studying these theories, weaknesses, inconsistencies, or gaps in
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knowledge may point to problem possibilities. His second suggestion was
to expose oneself to professional stimulation by engaging in intellectual
discourse in graduate courses, seminars, professional meetings, lectures,
visits to laboratories, and informal discussions with instructors and
fellow students. Any conflict in ideas presents a potential problem that
might be examined for its possibilities for research. Van Dalen’s third
source of problems lies in everyday experiences of the professional
practitioner in the field. Here are encountered difficulties with students,
equipment, tests, textbooks, guidance, discipline, parents, curriculum,
staff, supervision, or administration. Fourth, he advocated keeping
systematic notes prior to and throughout an investigation as a stimulant
to critical thinking and the discovery of new ideas. Finally, he advocated
the critical attitude discussed in the previous paragraph.

Whitney’s clues for locating research probiems reemphamze some of
the same points and add a few more possibilities:

In making a selection of a specific problem for study, such
activities as the following should be engaged in: analyze
everything known already, all previous research; look for gaps
in explanations, find untested conclusions; follow clues;
recognize conflicts in experience; survey concrete suggestions
for needed research; become a scholar in one or more
specialties; read, listen, and work continuously and
reflectively; consider obstacles chalienges for ingenuity ; start
a research and watch problems bud out of it; have a constant
attitude of questioning every procedure in the field of interest;
look for actual evidence on current procedures; and estimate
the reliability of knowledge available about important issues.
(6:95)

Ideas also abound in the recommendations for further research which
often appear at the close of a completed study.

Considering the muititude of possibilities for locating problem areas,
it should not be necessary for the beginner in search of a thesis problem
to go to his professor begging for ideas. Instead, he should have so many
possibilities that his need is for guidance in selecting, from many, the
problem most suitable for him.

CRITERIA FOR ACCEPTABLE RESEARCH PROBLEMS

Since each institution granting graduate degrees in health, physical
education, and/or recreation may set up its own specific criteria for thesis
and dissertation problems, each student pursuing a degree must be
responsible for ascertaining these criteria before seeking approval of his
research problem. The criteria that are aimost universally accepted are:
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Professional Contribution

The problem should be worthy of the time and effort needed to solve it,
in terms of making a distinct contribution to the professional field of
interest. The scope must be broad enough to be of some significance to
a segment of the profession, yet narrow enough to provide specific
answers to the questions involved. Related factors are pertinence and
timeliness. Although much can be said for basic or pure research, if the
beginncr is interested in applied research his problem should be relevant
to practice in the field. Every facet of education is being challenged with
respect to relevance; thus research should be pertinent to current and
future procedures. Studies pertaining to traditional procedures of the
past could be considered timely if they lead to recommendations for
needed and relevant change.

Unigqueness

Most institutions place some stress on originality, but degree candidates
are not expected to locate a problem that has never been researched
before. Many experiments and descriptive studies need replication or
extension to add to the research evidence available. Thus a proposed
study may be considered original, even though it is replication or extension
of earlier research.

Feasibility

Except for significance to the profession, this criterion may be the most
important consideration. Research will require time and money, and
often special tools or equipment. Many descriptive as well as experimental
studies require certain types of subjects in order to secure the necessary
data. Valid documents and/or artifacts must be available for significant
historical research. If any of these requirements are lacking or beyond
the resources of the researcher, the study may not be feasible for him to
pursue, even though it might be for another worker at a different location.
Although the scope of researchable problems is steadily enlarging, there
still are some for which no techniques of solution have been discovered.
Even with faculty guidance, the student may find a problem unfeasxble
in terms of techniques currently available for its solution.

Researcher’s Qualifications

As indicated in Chapter 2, p. 42, some general qualifications are needed
by all research workers. These include motivation and drive, intense
interest in the problem, intellectual curiosity and honesty, the ability to
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locate and evaluate related research, the ability to reason logically and
write coherently, and habits of accuracy, thoroughness, patience, and
perseverance. In addition, a particular research problem may be entirely
suitable for one student but relatively unsuitable for another because
of personal qualifications and skills. For example, all experiments and
many descriptive studies require extensive statistical competence for
adequate analysis of the data. Surveys require the construction of survey
instruments, such as questionnaires, and this involves a degree of skill in
semantics not possessed by all research workers. Some descriptive,
historical, and philosophical studies necessitate interviews; the inter-
viewing skill possessed by the researcher may not be sufficient. Such
specific personal qualifications must be considered before choosing a
research problem.

DEFINITION OF THE PROBLEM

A complete definition of the research problem involves a great deal more
than writing a title and stating a purpose. Besides stating a clear purpose,
the investigator must indicate his hypothesis concerning the study,
examine any assumptions underlying the research and any factors that
could limit his conclusions, set definite limits for his study, establish its
worth, and define any unique terms.

Statement of the Title

The title must indicate the complete scope of the study. Since it should
fully and correctly describe the main subject of the investigation, it is
helpful to first write it in broad, wordy terms, including complete and
exact content and making no attempt for the best or shortest wording.
Once on paper it can be examined for wording; unnecessary and redun-
dant words can be omitted ; it can b2 edited ; and finally, it can be examined
for interest and attractiveness. The final title should be as concise and
brief as possible without sacrificing clarity. To avoid a wordy and involved
title a subtitle may be necessary to convey the full meaning.

The words “A study of . . . at the beginningof a title simply lengthen
it unnecessarily. They add nothing to the reader’s understanding of the
scope or content of the study and should be deleted. If, however, it is
important to convey the zype of study, it may be helpful to start the title
with words such as, “An electromyographic study of . . .”" or “‘A survey
of . . .” In such cases the extra words convey specific information.

[t is important to remember that clarity should not be sacrificed for
brevity, but any word not necessary for a clcar statement of the study’s
scope should be deleted. If difficulty in writing the title is encountered,
it may be helpful to write the purpose first and then the title.

Q
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Statement of Purpose

A study may require only a single general statement of purpose or it
may need to cover subproblems. us weli. In either case, the purpose
should be clearly stated and be us voncise as is consistent with clarity.
It is important that the statement clearly establish the direction of the
investigation and, as in the title, clarity should not be sacrificed for the
sake of brevity.

In all probability, if the researcher encounters considerable difficulty
in stating his purpose he does not have a clear idea of the problem he
wishes to study, and additional background reading, discussion, and
thought are indicated. It may be helpful to jot down two or three ideas
and then weave them into a general purpose which can be sumraarized
in onc good statement.

A stated purpose must never indicate a bias. Rather it should simply
present a problem to be solved. For example, the purpose, ‘‘to show that
when problems arise, high school students seek advice from physical
education teachers more frequently than from other teachers,” clearly
shows a bias. It indicates that the researcher is attempting to prove that
his opinion is correct. On the other hand, the purpose, “to discover
wheinier, when problems arise, high school students seek advice from
physical education teachers more frequently than from other teachers,”
indicates a desire to determine the situation as it is.

Subproblems

Every study does not have subproblems. However, in many investigations
the main (general) purpose can only be achieved through the solution
of smaller problems. They are not steps in the procedure, although they
may dictate the order of procedure, since one must first solve these smaller
problems. Subproblems, as the term implies, deal with questions that
must be answered in order to solve the main problem of the study. Such
steps as determining the appropriate tool, selecting the sample, and
analyzing the data are steps in procedure rather than subproblems
because they are not problenis that are carried to a conclusion, but steps
through which one must progress to reach the conclusion. If a tooi for
the collection of data must be developed and tested for reliability and
validity before it can be employed in the study, this becomes a subproblem.
The question of whether the tool is appropriate must be answered before
the research can proceed.

In-order to achicve the general purpose, ‘‘to assess the effective-
ness of a general basic skills curriculum for freshman women of low
motor ability,” it may be necessary to solve a number of subproblems,
such as:
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1. to discover whether the general motor ability of students with
low motor ability can be improved to a greater degree through a basic
skills curriculum than through the regular activity program

2. todiscover whethcr those who have had the basic skills instruction
have greater success in selected activities than those of equal motor ability
who have not had the basic instruction

3. to discover whether the attitude of such students toward physical
education can be improved more through basic skills instruction than
through the regular activity program. (1:2,3)

Theseare truly subproblems, since they must be solved before the effective-
ness of the curriculum can be judged.

In a study “to compare the effectiveness of starting crawl stroke
instruction with the human stroke and with the over-arm recovery when
teaching beginning swimmers,” the subproblems were:

1. to determine the difference inthe rate with which the two methods
facilitated beginning swimmers’ adaptation to deep water

2. to determine the degree of skill in the crawl stroke developed when
cach method was used. (2:1)

Again, the solution of these two smaller problems was necessary before
the main question could be answered.

It is possible to have one main purpose and one or iwo secondary
purposes which are not subproblems, since their solution is not required
for the sclution of the main problem, but rather offers related information.

Hypothesis

As mentioned earlier in Chapter 2, pp. 3334, it is perfectly legitimate for
the investigator to indicate his belief concerning the solution of the
problem to be studied. His hypothesis is his guess or supposition about
the results he may find. Since it is his personal hunch, he may hypothesize
any result he wishes so long as it is reasonable according to present
information—it must be a conceivable result. It should be stated in the
simplest possible terms. While the purpose should not indicate that the
researcher is setting out to prove that his opinion is correct, he may have
an opinion and if he does, he should state it as such. Using the example
cited in the discussion dealing with the statement of purpose, the hypothe-
sis might be stated: ““The hypothesis to be tested is that students tend to
seek physical education teachers more often than other high school
teachers when they have a problem on which they desire advice.” This
simply tells the reader the researcher’s belief without suggesting that he
is going to attempt to prove himself correct.
O
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If the investigator has no opinion or hunch concerning the results
he will find, he has no hypothesis. Researchers are not in agreement on
whether every problem must have a stated hypothesis. Some feel that
if the investigator has no opinion, the hypothesis should be omitted,
while others feel that in this situation the null hypothesis should be
presented. In other words, if the investigator has no opinion, he should
present the hypothesis indicating that no significant findings are antici-
pated. For some historical and philosophical studies, no specific hypothe-
sis is possible or feasible, either because no hunch is conceivable or
because the findings will constitute a myriad of details.

If a hypothesis is presented it must be shown to be supported or
negated by the data obtained. There must be a conclusion which deals
with each hypothesis or each point made in the hypothesis.

Assumptions

As defined in Chapter 2, pp. 31-32, assumptions are statements taken to
be true without the presentation of data to support them. They must
be consistent with present information and readily acceptable, i.e.,
statements that would not be disputed. They involve conditions which
underlie the research—conditions upon which the research is built—
in contrast to the hypothesis, which is tested by the study. If the assump-
tions are false, the whole research study will be inadequate. Just as there
are assumptions upon which certain statistical procedures are based,
there may be assumptions upon which the research study itself is based.
If any of the ‘ormulae which assume a normal distribution are used with
skewed data. the results may be incorrect; in the same way, a research
study built upon a wrong assumption may lead to false conclusions.

Delimitations”

The delimitations set the frame for the research; they draw the borders,
narrow down the problem, and define the scope of the study. They indicate
exactly which factors the investigator will and will not study. All factors
surrounding the study must either be specifically eliminated or studied.
For example, in a study of the effects of selected types of activity on
“physical fitness,” the researcher must set the scope of physical fitness
that is to be studied, the activities that are to be included, the level of
skill involved in the selected activities, the sex. and perhaps the level of
maturity of the students selected for investigation. All of these factors
could influence the results; thus the investigator must indicate exactly

* Also called “'scope.”
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which factors will be his concern. For example: “This study is limited to
the physical fitness factors of abdominal strength as measured by the bent
leg sit-up, arm and shoulder strength as measured by the bent arm hang,
cardiorespiratory endurance as measured by the step test, and agility as
measured by the shuttle run. It is further limited to the activities of
swimming, tennis, track and field, and contemporary dance as engaged
i "w college women with advanced levels of skill in these activities.”” This
clesmiy sets the limits beyond which the researcher is not attempting to
carry his study. The researcher sets his own delimitations. Once these are
set, all factors not eliminated must be considered in the study. The reason
for indicating the methcd of measurement for the physical fitness variables
is that various types of measurements give different results. For example,
correlations between various so-called “agility” tests are low, thus the
investigator needs to clearly indicate the type of “‘agility” he is going to
consider.

Limitations

Limitations, on the other hand, are conditions about which the researcher
can do nothing-—conditions that cannot be controlled but are recognized
as factors that could influence conclusions. Essentially, limitations are
possible weaknesses in the study. When research is carried on in a school
situation, there are always some factors that cannot be completely
controlled. While these must be recognized and indicated by the investiga-
tor as limitations, they do not necessarily mean that the research is
worthless. The number and importance of the limitations must be
considered in judging whether it is worthwhile to pursue the study. Some
common limitations are: the sample is made up of volunteers rather than
selected at random; the sample is small; a questionnaire is mailed and the
sample returns are not representative; there are geographical (or other)
limitations which may affect results.

Obviously, every attempt should be made to keep limitations to a
minimum. In some cases a factor that cannot be controlled can be studied.
In considering the physical fitness study cited in the discussion of delimita-
tions, several limitations are seen. The most obvious is the fact that it is
impossible to control the subjects’ activity except while they are partici-
pating in the particular activities being studied. While this is a limitation
in the research, it is possible to study the amount of outside activity each
subject engaged in each day during the investigation and to use this
information in interpreting the data, that is, to discover whether those
who improved more in certain selected fitness tests were more or less
active in outside activities. While this does not eliminate the iimitation
" completely, it will give insight into the degree to which this particular
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uncontrollable factor might be influencing the results of the study. For
example, if a group of subjects who, fora period of six weeks, had worked
on acertain exercise program (experimental group) improved significantly
more in the step test than did a group who had not taken part in such a
program (control group), one would need to know something about the
outside activities of the two groups before drawing conclusions. If a
study of the outside activities of the two groups showed that the experi-
mental group had engaged in only the experimental exercise program and
the control group had reported considerable time spent engaged in active
sports and exercise, it would appear that the greater improvement of the
experimental group was indeed caused by the experimental factor rather
than some other physical activity. If, on the other hand, the experimental
group reported more time spent in active sports and exercise beyond the
experimental program than was reported by the control group, one could
not conclude that the change was caused by the experimental factor.
Thus, all conditions that could influence the results and cannot be
controlled must be acknowledged as limitations. In addition, whenever
possible every effort should be made tn study the effects of such factors.

Need for the Study

As indicated earlier, a problem should be worthy of the time and effort
needed to solve it. The researcher must establish the worth of his study.
The discussion of need should indicate the pertinence of the study, the
way(s) in which it will be helpful, and the possible applications of its
results. A study of previous literature will help the researcher in es-
tablishing this need.

Definition of Terms

Any term which is used by the investigator in a unique way must be defined.
There is no need to define a term, even if it is a technical one, if it has a
distinct meaning and is used only to indicate that meaning. However, if
a term is being used in a restricted way, it must be defined. Also, if the
term has many meanings and/or is interpreted differently by different
authorities, its meaning—as used in the study—must be clearly indicated.
Words such as ‘“motor ability,” “physical fitness,” ‘‘personality,”
“secondary school,”” have been defined in many ways and thus the specific
definition used in the particular study should be given.

1 e

THE RESEARCH PROPOSAL

Many departments granting graduate degrees provide guides for com-
posing the thesis proposal. The proposal usually includes the statement
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of the problem and the related topics already discussed, as well as a
detailed outline of the proposed procedures. The outline involves descrip-
tions of tests and/or equipment to be used, preliminary drafts of question-
naires or other data-gathering devices, as well as the procedures planred
for the collection and analysis of the data and the presentation of the
findings. \A tentative bibliography of related literature is often required
at this point, because the student is expected to have read a gieat deal
about the subject before putting his problem statement in final form.

Obtaining Research Funds

The research proposal to be submitted for obtaining funds froma founda-
tion or government source will be similar to that just described, but much
more extensive detail is usuaily required. Many foundations and research
bureaus, as well as branches of the government, provide guides for the
development of research proposals. Aid is available in locating local and
national foundations and bureaus interested in funding scientific and
educational research. Every two years the Russell Sage Foundation
publishes The Foundation Directory, with information concerning pur-
. poses, interests. assets, and grants made by almost 7,000 foundations.
Most college and university libraries have this directory. Another refer-
ence useful for information on obtaining grants is How to Raise Funds
from Foundations, by Joseph Dermer, published by the Public Service
Materials Center, 104 East 40th Street, New York, N.Y. 10016.
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THE LIBRARY IS 4 BASIC research tool for scholars. Its holdings represent
the printed record of countless attempts to extend the frontiers of human
knowledge. Libraries exist for the purpose of storing and preserving
materials which have been committed to print and enhancing accessibility
to them. Although it is neither possible nor feasible to store this vast
amount of information in one location, librarians have evolved a system
of classification and indexing which theoretically provides accessibility to
any document regardless of its storage site. It is the purpose of this chapter
to establish a methodology which will assist students in retrieving library
information with a minimum expenditure of time and yet provide maxi-
mum relevance of the information obtained.

PLANNING THE SEARCH

The assignment of a research paper to be written presents a formidable
challenge to many students. The task of gathering information from an
array of diffuse and elusive sources appears overwhelming unless one
is acquainted with library procedures for the storage and retrieval of
information. Searching the volumes of available literature demands a
procedure which is as orderly and sequential as the system by which
the documents are classified and stored. An essential step in the retrieval
of library information is a plan for systematically conducting the search.
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Procedures for conducting library research vary with the investigator,
the discipline, and the type of information desired. As one gains experience
in library searches and becomes more familiar with his topic, it becomes
apparent that some sources and authors yield a higher number of relevant
articles than others. It is acknowledged that experience and personal
shortcuts can expedite the search plan which follows, but the student
without a plan will do well to follow its sequence of procedures.

Defining the Problem

The focus of every literature search should be determined by the statement
of a problem (see Chapter 3, p. 49). It is important that it be stated in
terminology which is conventionally used by writers who share similar or
related interests. The key words or descriptors contained in the statement
of the problem are the most direct path to catalogs and indices which
contain the primary sources from which the bibliography is to be drawn.
A vocabulary which neglects conventional language usage is one of the
most serious impediments to communication among scholars.

The language in which a problem is stated also determines the scope
of the library search. In the interest of an efficient search, it is imperative
that the topic be defined as precisely as the investigator’s vocabulary and
knowledge of the subject allow. The care which is exercised in stating the
problem at the outset is directly proportional to the relevance of the
documents which are eventually retrieved for its solution. Although
published materials generally report the problem in the form of a state-
ment, many students prefer to phrase the problem as a question in the
beginning stages of their investigation. N

It should be noted that the statement of the problem at this stage is
in temporary form. A search of the literature will provide the basis for
modifications which must be made in order for the problem to serve as
a useful guide to the investigation which is to follow.

Establishing the Scope of the Search

Initial attempts at information retrieval are likely to end in frustration
unless the scope of the problem is established prior to the initiation of the
search. Unless boundaries are clearly established, the search will probably
end with the conclusion that eithey the literature is so voluminous that a
selection of pertinent references is impossible, or very little, if anything,
has been written about the object of the search. Although experienced
investigators know that library research is more likely to be hampered
by the searcher’s inability to focus upon and locate the literature than
by a lack of literature, this information is of little comfort to the student
~whose search has ended in failure.
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A successful library search depends upon a thorough knowledge of
the topic and its related areas. This presents something of a dilemma for
the student because it is precisely the desire for additional information
which prompts this venture initially. An orientation to the scope of the
problem can be obtained by resorting to encyclopedias, textbooks, and
reviews of literature. One of the most valuable sources of advice is the
investigator who has conducted prior searches in this or related areas.

Orientation to the problem should also include the scrutiny of
published works in closely related fields to examine research designs,
methods, instruments, and resulis of such investigations. The perusal of
related literature is also an ideal method of updating one’s vocabulary.
Specific information pertaining to instrumentation, research designs,
statistics, and acronyms will be indexed according to the language of the
discipline which most commonly deals in these termns.

A thorough orientation to the related literature should equip the
searcher with the necessary information to establish the scope of the
problem. It is advisable at this point to list the limitations to be imposed
on the retrieval of [iterature. Maximum efficiency demands that the
restrictions pertaining to subjects, equipment, age groups, ability levels,
cultural groups, and geographical location be stated prior to the initiation
of the library search.

DEVELOPING A BIBLIGGRAPHY

The bibliography may be constructed from a variety of sources, but it
should be noted that no single volume, catalog, digest, or index is so
comprehensive or up-to-date that it will suffice as the only vehicle from
which todraw a list of references.

The card catalog is the logical place to begin the search for biblio-
graphic sources. It contains every volume or document in the library’s
collextion and therefore provides an excellent reference to that literature
in which relevancy can be determined from the title. However, the card
catalog has two limitations which should be called to the searcher’s
attention: 1) it usually contains only those documents which are owned
by that particular library; and 2) it provides little or no information
regarding the content of books or periodicals. For example, periodicals
and serial pubiications are cumulated and bound at specific intervals.
The catalog indicates the volumes of a periodical, but not the articles
included in it. However, the card catalog does list reference publications
in its possession, and these, in turn, provide information concerning
specific titles in the periodicals.

Because the card catalog is of primary importance in information
retrieval, a brief description of it is included. Material in the card catalog
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is arranged alphabetically and classified according to the Dewey Decimal
or the Library of Congress systems. The Dewey Decimal System is usually
found in small libraries or in larger ones in the process of converting to
the Library of Congress system. The general classifications follow:

DEWEY DECIMAL SYSTEM

000-099—General Works
100-199—Philosophy
200-299—Religion
700-399—Social Sciences
10—Statistics
20—Political Science
30—Econcmics
40—Law
50—Administration
60—Associations and Institutions
70—Education -
400-499—Linguistics
- 500-599—Pu: = Sciences
600-699—Tex iiiology * Applied Science)
700-799—Fir = Arts and Recreation
800-899—Liferature
900-999—Hi story, Geography, Travel, Bibliography

LIBRARY OF CONGRESS CLASSIFICATION OUTLINE

A General works LB Theory and practice of
AE Encyclopedias education—Teaching
Al Indices LC Special forms of education
AP Periodicals LH University, college and
AY Yearbooks school magazines
B Philosophy-Religion LT Textbooks
BF Psychology M Music
CB History-Auxillary sciences N  Finearts
CD Archives P Language and literature
CT Biography Q  Science
D General history QM Human anatomy
E & F History of America and the QP Physiology
< United States R Medicine
G Geography-Anthropology RJ Pediatrics
GN Anthropology RM Therapeutics
GR Folklore RT Nursing
GV Sports and amusements S Agriculture
H Social sciences SK Hunting sports
HM Sociology T  Technology
HQ Marriage family—Home T Mechanical engineering and
HV Social pathology machinery
J Political science TR Photography
K Law U  Military science
L Education V  Naval science

LA History of education Z  Bibliography and library science
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The information contained on the catalog cards is identical, regardless
of the classification system employed. All card catalogs are arranged
according to a cross-reference system which consists of author, title, and
subject cards. The three cards pertaining to a specific source all bear
identical information, but the order in whick the information is presented
varies according to the function of the card. For example, the title card
lists the title of the document on the top line, whereas the author card
gives the name of the senior author on the first line. Examples of the
three types of cards are shown in Figures 1 and 2.

A cross-reference system of filing the catalog cards permits one to

know only the author, title, or subject. _

In large libraries the author, title, and subject cards are usually filed
in separate catalogs. It is also common practice to interfile the author and
title cards, and to employ a separate catalog for the subject cards. Figure 2
shows an example of a small catalog in which all of the cards have been
interfiled. To facilitate the search for references, all catalogs in a library
are usually placed in close proximity to one another.

Abstracts, Indices, Digests, and Bibliographies

The most efficient method of locating pertinent sources within the
periodical literature is through the categorized lists of titles contained in
indices, digests, abstracts, and bibliographies.! Because the number of
such publications is too great to give attention to the specific charac-
teristics of each, their function is treated in a general way, followed by
a selected list which acquaints readers with the breadth of selections
available.

The searcher should extract key words, descriptors, synonyms, and
acronyms from the statement of the problem and place them in alpha-
betical order. He should also refer to the “List of Topics Indexed,” usually
found at the beginning of a volume, for suggestions of descriptors under
which titles could be classified. A chronological scrutiny of volumes,
beginning with those published most recently, will guard against the
omissions which are likely to occiir in the absence of a systematic search
procedure.

It should be noted that all reference lists are selective in their coverage.
The beginning pages of each volume generally list the periodicals covered.
Searchers should be aware of the selective bias involved in composing a
bibliography entirely from lists prepared by publishers. It is essential that

1 The direct search of periodical content is the most selective of all approaches
and should be reserved for those who have a thorough knowledge of the literature
in their field.
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A cross-reference card

699 Information Storage and Retrieval Systems
L5 See also
Data tapes
Automatic indexing —
Electronic data processing

699

Title card £.H34 Hattery, Lowell Harold, 1916 — ed.

Information retrieval management

Information retrieval management. Edited
by Lowell H. Hattery and Edward M.
McCormick 1st ed.

699

Subject
ubject card £H34

Information storage and retrieval systems

Hattery, Lowell Harold, 1916 — ed.
Information retrieval management, edited by

Ull

Lowell H. Hattery and Edward M. McCormick—1st

Detroit, American Data Processing, Inc. 1962 ed. /

Z

Author card
fH34

699  Hattery, Lowell Harold, 1916 — ed.

L owell H. Hattery and Edward M. McCormick 1st ed.
Detroit, American Data Processing, Inc. 1962

Information retrieval management-Edited by

Figure 2. An example
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the “List of Journals Indexed’” be compared to a list of potential primary
sources to insure that pertinent references have not been omitted.

REVIEWING THE LITERATURE

The bibliographic search which exhausts all possible sources is likely to
terminate with an abundance of titles. Even though care has been exercised
in the selection of references, it is difficult to avoid those which are
redundant or irrelevant. The elimination of extraneous titles is a process
which commences at the initiation of bibliographic construction and
continues until the final draft is written. The phase of library work devoted
to scanning the literature places particular emphasis on determining the
relevance of materials included in the original bibliographic list.

True efficiency in library searches requires the extraction of all
pertinent information from a document at the time of its initial retrieval.
However, the knowledge of subject matter which permits such efficiency is
generally not within the student’s grasp at this stage of the investigation.
To avoid rejecting relevant sources and retaining those which are irrele-
vant, three approaches to acquiring information are presented, namely,
the brief abstract, the comprehensive abstract, and reproduction of the
original article.

The ability to distinguish between pertinent, extraneous, and super-
fluous material is generally enhanced as one becomes better acquainted
with the topic. Those who prefer to postpone the decision of relevancy
may elect the brief abstract method. Materials which clearly pertain to
the topic are more efficiently acquired either through the form of a
comprehensive abstract or via some process of reproduction. Regardless
of the acquisition method, every retrieval should begin with the use of
a bibliographic card.

The Bibliographic Card

Each potential reference should be recorded on a separate bibliographic
card. The isolation of each reference on a single card is essential because
of the numerous rearrangement and elimination procedures to which the
bibliography will be subjected before the paper is completed. Before
proceeding with the review of literature, the cards should be arranged
alphabetically according to the name of the senior author. Cards should
be numbered successively in the upper right corner, with each number
preceded by the first letter of the author’s last name. The numbering
system should proceed in the following manner Al, A2,..... An; Bl,
B2,..... Bn.

After each card has been identified by author and number, the deck

should be rearranged alphabetically according to the titles found in the
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Figure 3. The bibliographic card.

abstracts, indices, digests and bibliographies. It is then a simple matter
to proceed through the title catalog and record the call numbers.

The bibliographic card should include the following information:
library call number; surnames, first names, and middle initials of 3l
authors; complete title; volume number; inclusive pages; and year of
publication. Inadditios. reference cards to books should list the publisher,
the city in which the took was published, and the edition number. An
example of a bibliographic card for a periodical is shown in Figure 3.

It is convenient to conduct the search for shelved information if the
bibliographic deck is rearranged according to the location of the material
in the library stacks. Every library provides a directory of shelved mate-
rials, but the location of the stacks is the prerogative of the local librarian.
At the stack level it is obvious that the sources within one volume should
be reviewed before one moves to another volume. An extension of this
procedure suggests that all sources in a serial publication should be
reviewed before progressing to the references listed under another title,
Likewise, all references at one stack level should be revxewed before
progressmg to another stack.

It is recommended that the bibliographic cards within a serial
publication be arranged chronologically so that the review comm:nces
with the most recently published article. This approach emphasizes
current knowledge and controversy and permits the reader to develop a
historicalperspective regarding changes in methodology, instrumentation,
and design. Tt alse provides an excellent opportunity to compare one's
bibliography with those of other writers.

O
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Figure 4. An example of the note cards used in the brief abstract method.
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The Brief Abstract

The brief abstract niethod utilizes a series of note cards, each of which
bears a specific kind of information. The cards are indexed according to
the author number of the bibliographic card and filed alphabetically in
separate decks by type of information. A common division of decks for
note cards dealing with experimental studies is by problem, procedures,
and results. Figure 4 illustrates the indexing system and samples of the
information contained on each of the three note cards.

The brief abstract method facilitates the retrieval of specific informa-
tion during the writing process. An arrangement of abstracts according
to the type of information permits the writer to proceed directly within
a deck instead of reviewing the entire collection of abstracts. Making
the decision of relevancy with respect to specific portions of the article,
rather than for the entire article, also insures a higher ratio of usable
information. The brevity of the recorded informaticn represents a
minimum expenditure of time should the reference not be used in the
paper. '

As with most recommended procedures, there are disadvantages to
the brief abstract method. The continuity of the article is lost when the
information is divided by category. It can only be restored by retrieving
the cards from their respective decks. Unless the information has been
recorded with the writing process in mind it is likely that the total content
from separate cards will not equal that of a comprehensive abstract.

The Comprehensive Abstract

Abstracting is the art of summarizing the content of printed material in
in order to reduce the time required to read it and yet retain all of its
essential information. The criterion for a comprehensive abstract is
thoroughness. The function of the comprehensive abstract is to obviate the
necessity of retrieving the document a second time.

The suggested format for a comprehensive abstract is shown in
Figure 5. Preprinted 5 in x 8 in cards with similar formats are available in
most bookstores. Recording the abstract on preprinted cards has several
advantages. The format serves to remind the abstractor of the basic
information which should accompany the abstract. The uniform pro-
cedure for structuring the abstract focuses attention on each section of
the report. The heavy paper stock on which the cardsare printed facilitates
sorting and allows the user to attach index guides if the abstract is even-
tually filed in a deck. Space availability is comparable to a standard size
sheet of paper (8%2 in by 11 in) if information is recorded on both
sides of the card.
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Call No. Author(s) Bibliographic
Title Card No.
Vol. Pp. Year
Publisher City
ABSTRACT

(Problem, Methods and Procedures, Results, Interpretation)

Figure 5. Format card (5" x 8) used in the comprehensive abstract method.

Writing the Comprehensive Abstract

The abstract should be written in brief, concise sentences. Phrases or
incomplete sentences tend to become difficult to interpret at a later date
and therefore should be avoided. A flowing literary style consumes too
much space and the language lacks precision.

The quality of an abstract depends primarily upon the abstractor’s
ability to identify items of major importance and to refrain from including
minor or incidental details. Abstracting an article involves condensing and
paraphrasing the words of an author who has taken great care in choosing
them. The abstractor should have a thorougih knowledge of the literature
with which he is working in order to preserve its true meaning.

The article should be read in its entirety before an attempt is made to
abstract it. This procedure allows the writer to identify the items of
significance and eventually to make a decision regarding the article’s
worth. It may be helpful to note items of importance in the initial reading
to understand the author’s perspective.

Quotes from the literature should be used sparingly. Care must be
taken to record the author’s wording accurately as well as the page,
volume number, and title of the original source. Quotes taken out of
context are apt to acquire meanings which do not correspond with those
intended by the author. In all cases, material which may be selected for
future quotes or paraphrases should be reproduced with sufficient com-
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prehensiveness to avoid any possibility of misinterpreting the original
meaning at a later date.

Abbreviations and acronyms coniribute to the efficiency of ab-
stracting, but their meanings must be clearly indicated. The original
reference to an acronym should include its full wording, followed by its
shortened form, for example, Education Resources Information Center
(ERIC).

Reproduction of Original Documents

The practice of photocopying printed materials has gained impetus with
the provision of reproduction equipment in most libraries. Photocopying
allows the searcher to make maximum use of library time in the acquisition
of materials. Possession of the photocopy also reduces the errors of
interpretation which result from paraphrasing original material.

The writer who prefers to work from photocopied materials has
documentation problems which are similar to those of other retrieval
methods. It is advisable to check the accuracy of the bibliographic card
with the citation of the original source while it is at hand. The complete
citation and the bibliographic card number should then be recorded on
the photocopy. Alphabetical filing by senior author provides ready access
to the document as it is required in writing the review.

COLLATING THE SOURCES

There comes a time in every investigation when the search for library
materials must cease. The focus now turns to writing that part of the
_report which must be completed before the experimental study com-
mences, namely, a restatement of the problem, the review of related
literature, and the methods and procedures under which the investigation
is to be conducted. Essentially, the tasks which confront the writer at this
point involve the organization and interpretation of the information
procured in the library search.

The organization and interpretation of acquired materials present a
major challenge to the inexperienced writer. A scholarly review should
contain a chronological account of changes in important relationships,
research designs, statistics, instrumentation, and knowledge related to the
study. The initial step in writing the review of literature is to provide a
sequential outline of the topics to be included. The topics represent the
important areas identified in the scope of the problem, supplemented by
the related information uncovered in the literature search. The compatible
materials must then be condensed into a sequence which gives a *‘state-of-
the-art” account of the topic. A chronological arrangement of the abstract
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cards provides a historical perspective and guards against the embarrass-
ing situation in which an earlier author appears to contradict the work
of one whose publication appeared at a later date.

Constructing the Bibliography

References within the textual material should be followed by the author’s
name and the number of the bibliography card, e.g., Corbin (C18). If the
bibliography is to be constructed alphabetically it is advisable to proceed
simultaneously through the text and the bibliographic deck, withdrawing
the cards and arranging them alphabetically as you come to the reference
in the text. They should then be numbered consecutively, according to
their alphabetical sequence. The newly assigned number in parentheses
is then substituted for the author’s name in the text.

If the bibliography is to be arranged to reflect the order in which the
references appear in the text, the cards should be maintained in a separate
deck as the references are withdrawn and incorporated into the review.
The process of numbering the cards and the textual references is identical
to the one described previously, except that cards will be numbered
consecutively as they appear in the text, rather than alphabetically.

The review of literature should culminate with 1) a summary and 2)
a series of questions and testable hypotheses. The purpose of the summary
requires no further elaboration. The questions or hypotheses also appear
to be a logical outcome of the literature review, but to a student this
position in the sequence of procedures may appear to be redundant. This
misunderstanding occurs because students frequently fail to recognize the
tentative nature of their original statement of the problem. The statement
serves as a guide to the review of literature, but is subject to revision,
depending on the results of the library search. Frequently the searcher
discovers that his original concerns have been appropriately answered in
the literature. However, during the course of his search he may uncover
related problems of interest, thereby necessitating a revision of the original
statement.

AUTOMATED INFORMATION RETRIEVAL METHODS

All scholars are concerned about the overwhelming volume of published
literature. As publications become more numerous and established
journals more comprehensive in their scope, it is obvious that the research
worker cannot review all of the journals of interest to him. He must
depend on intermediary sources, usually in the form of indices, reviews,
abstracts, and bibliographies, for acquaintance with the newly published
literature.
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Although information retrieval is of national concern among
scientists and educators, there is currently no operational system which
has the responsibility for indexing and retrieving all of the published
literature. Many disciplines and professions have accepted the challenge
of managing their literature through the use of computer-based methods.
These efforts are characterized by the variety of services available, the
duplication and omission of citations from their selected lists, and a
general inconsistency in the quality and quantity of services provided.
This section provides a brief description of some information retrieval
services which hold promise for more efficient management of printed
materials.

Retrospective Searching Methods

Retrospective searching refers to the practice of retrieving information
from computerized storage systems through the use of key words which
describe the content of the material. Input to these systems consists of
the complete citation and in some systems the citation accompanied by
its abstract. One of the most widely used systems for retrospective
searches of bibliographies is the Medical Literature Analysis and Retrieval
System (MEDLARS).

+ MEDLARS is a computer-based system which became operational
in 1964 for the purposes of indexing the international biomedical literature
sand preparing demand bibliographies for scientific publications. Citations
contain the title, author(s), journal title, volume, issue, inclusive pagina-
tion, publication date, and language symbol for articles in foreign
languages.

Questions are phrased according to the terminology of Medical
Subject Headings, an alphabetical listing of subject headings with cross-
references which is published annually as Part [I of the January /ndex
Medicus. '

Each citation selected from biomedical science is assigned medical
subject heading terms which describe the content of the article. The stored
article is retrieved upon demand through the use of its assigned terms.
Requests for bibliographies are initiated on MEDLARS Search Request
Forms, obtainable at any medical library or directly from the National
Library of Medicine, 8600 Rockville Pike, Bethesda, Md. 20014,

A computer-based system which deals primarily in unpublished
educational literature is the Educational Resources Information Center
(ERIC). ERIC is a nationwide information system sponsored by the
United States Office of Education. Eighteen ERIC Clearinghouses, each
focusing on a separate subject matter area, are functional within the
United States. It is the responsibility of each clearinghouse to acquire,
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evaluate, abstract, index, and process documents for inclusion in the
ERIC system.

Accessions to the ERIC system are published monthly in Research
In Education in conjunction with bibliographic information, abstracts and
the price of the duplicated document, either in hard copy or microfiche
(@4 in x 6 in film containing microimages of the pages of the document).
Any documents in the ERIC system may be obtained from ERIC Docu-
ment Reproduction Service, Bell and Howell Company, 1700 Shaw Ave-
nue, Cleveland, Ohio 44107. '

The subject matter areas of ERIC are: Adult Education, Counseling
and Personnel Services, Disadvantaged, Early Childhood Education,
Educational Administration, Educational Facilities, Educational Media
and Technology, Exceptional Children, Higher Education, Junior
Colleges, Library and Information Science, Linguistics, Reading, Rural
Education-Small Schools, Science Education, Teacher Education, Teach-
ing of English, Teaching of Foreign Language, and Vocational and
Technical Education.

Information Retrieval via Microfilm

The microfilm method of information storage has advantages over other
computer-based methods of information retrieval in that it handles
the original rather than abstracted material. The user has direct access
to the copy and may browse through it electronically or read the entire
article. The equipment involves a special microfilm camera and microfilm
reader. At the microfilming stage the material is coded by page into
machine-readable binary codes. The film is loaded in magazines and can
be electronically searched by code numbers at a rate of 10 ft/sec. Upon
location of the appropriate information, the page is projected on a
10 in x 12 in viewing screen. The film will advance and stop according
to a signal code which is controlled by the user.

The electronic search of microfilmed material permits the viewer to
select, for reproduction, any portion of the document which is contained
on the film. Material may be photocopied upon a zignal from the viewer
as the image appears on the viewing screen.

The user at the reader-retrieval station can alter his search command
according to the kind and amount of information desired. If the search
is producing irrelevant data, the user is immediately aware of it and can
adjust his search procedure accordingly.

Speciai indices

A number of publications use the traditional method of cataloging the
literature according to author or subject headings. However, many
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alphabetized lists have currently become too long for rapid scanning and
the subject index frequently includes a variety of dissimilar articles under
common titles. The problems encountered in searching the conventional
indices led scholars to explore more efficient ways of organizing the
literature. Two methods which have gained wide acceptance are the
Key-Word-In-Context and the Key-Word-Out-Of-Context indices.

The Key-Word-In-Context (KWIC) index is a computer-based
program designed to print bibliographic titles according to a preselected
series of key words or descriptors. The key words in the title of an article
are sorted out and printed in alphabetical order, with a substantial portion
of the title ““wrapped around” it. The key word may have most of the
title printed before or after it, depending on its position in the title. This
is called a “‘permuted” index because the article will appear as many
times as there are key words in the title. The printing is limited to one
line of 60 spaces. Therefore a long title will not be printed in its entirety.
The right-hand portion of the card usualiy contains the first six letters of
the senior author’s name and his initials, the year of publication, and a
reference code. ,

~KWIC indexing is a double-entry system. After the user has located
a title of interest he must use the reference code to enter the author-
alphabetized bibliography for complete information on journal title,
volume, month and year of publication, and pagination.

The KWIC index has two disadvantages: [) the title of an article
must be descriptive of its content if the key words are to have meaning
to the user. A way to insure that the article is identifiable is to add appro-
priate descriptors to the title. 2) The double-entry system is time con-
suming because it requires the user to search a second bibliography in
order to obtain the complete citation.

The Key-Word-Out-Of-Context (KWOC) system differs from the
KWIC index in that the complete citation (including author, title, and
source) is printed in a single-entry listing. The key words are printed in
alphabetical order to the left of the citation, and the key word within the
title is underlined. The KWOC index is uneconomical in its use of space,
but its single-entry search and the complete citation make it a favorite
of many users.

Selective Dissemination of Information

This is an intermediate step in the provision of retrospective searches in
response to questions. The selective dissemination system automatically
notifies subscribers of new titles or abstracts which are of interest to them.
The subscriber’s interest is determined by a *‘user profile,” consisting of
key words reflecting his literary interests. As new materials are acquired
the key words are compared to the subscriber’s profile. If a sufficient
Q
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number of key words appear, the article title or abstract is retrieved. A
weighting system allows the subscriber to attach a value to each key
word, thereby insuring a certain relevancy in the citations retrieved in
his name.

The science of managing library materials through computer-based
methods is in its infancy. Although electronically controlled systems offer
greater efficiency because they are capable of surveying, indexing, and
retrieving vast quantities of printed material, students should refrain
from relying entirely on such prepackaged information. Bibliographies
and abstracts prepared by others serve as valuable current-awareness
devices, but the true scholar prepares his bibliography after seeking all
possible references, and interprets his literature only after he has personal-
ly evaluated the original documents.
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CHAPTER

THE EMERGENCE OF THE PRESENT “‘computer age has created a vast
improvement in the sophistication and applicability of instruments
utilized in research. Transistorized automatic digital programming, myo-
electric controls systems, automatic colacimetric analysis, computer
feedback circuits, and data processing equipment are but a few of the
types of instrumentation which have evolved. The trend is toward
automation, electronic operation, and continuous recording.

Coincident with these improved instruments has arisen new termi-
nology. Instrumentation has been divided into hardware and software
components. With rcspect to the computer, the hardware is the computer
itself, that is, the mechanical and electrical machinery. The software
consists of all machine stored instructions, such as computer programs.
This terminology has become useful in education, managerial analysis,
engineering, and other fields as well. In physical education, health, and
recreation research, the hardware includes such instruments as oscillo-
graphs, force plates, electrodes, movie cameras, chronoscopes, electron
microscopes, electrogoniometers, culture baths, Douglas bags, and tread-
mills. The software consists of written and verbal response tests. In
addition, sport skills tests constitute a third type of instrumentation which
may not fit precisely into this new language but will be considered as
software in the next chapter. Although these terms may be helpful in
categorizing some types of instrumentation, they are inadequate for
defining instrumentation and its role in research. The next chapter will
describe the latter process.
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Figure 1. Research model showing instrumentation substations.
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THE SYSTEMS APPROACH TO INSTRUMENTATION

Instrumentation serves two purposes in research: 1) to obtain information
pertaining to the nature of an investigated object or process or 2) to control
the object or process. This implies that a testing or measuring sit:ation
exists in which data are being collected under specified, reproducible
conditions. Instrumentation, therefore, is an integral part of the research
process, and as such should be viewed as part of the whole. This is done
most effectively through the systems approach which forces the investiga-
tor to consider instrumentation from a functional rather than structural
point of view. Instrumentation becomes one of the subsystems or opera-
tions of the total system of research.

The system consists of a complex of interrelated components,
physical and/or abstract, as diagrammed on Figure 1. This simple research
model (Figure 1) depicts two instrument subsystems : one for the collection
of initial data and one for analysis of data. Each subsystem usually
consists of three processes: an input (that upon which the process is to
operate); the modifier which controls, amplifies, or otherwise modifies
the previous process; and the output or dcsired data. In some instances,
there is no modifier process.

More complex research models consist of three or more instrument
subsystems. For example, a subsystem to regulate temperature and
humidity may be used in conjunction with an electrocardiogram sub-
system, psychological testing subsystem, and metabolic assessment
subsystem. In addition, one or more analysis subsystems may be in-
corporated. The outputs of the collection instruments constitute the inputs
of the analysis subsystems. Statistical techniques become the modifier
process and the results constitute the final output. Only the modifier
processes of collection subsystems will be considered in this chapter,
since statistica! techniques are discussed in Chapter 9.

The system model will be used to discuss general principles for
instrumentation selection and its operation.

PRINCIPLES FOR SELECTION OF INSTRUMENTS
Understanding Research Objective

The first principle for selection of instrumentation is that the investigator
understand completely his research objective in order to select the instru-
ment which will allow him to attain it. In case the reader thinks this is
an obvious statement, three examples are given depicting instances where
investigators failed to identify their research objectives and systems
models.
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1. A series of psychological projective tests were given to determine
differences in personality characteristics in four groups of subjects with
various leveis of athletic ability. After securing the data, the investigator
attempted to tabulate his data but found that he was unable to quantify
the responses from these projective tests. He decided to see if the computer
could solve his problem. Since tiic research design had failed to consider
the use of this instrument, the programming and key punching of eards
was long and tedious. Furthermore, his data printout yielded a stack of
pages four feet high. The output, then, was virtually worthless. This could
have been prevented by prior specification of the objective in more
definitive terms and consideration of the interrelationship between
collection and analysis instruments.

2. The effects of heat and high humidity on work output were
investigated by measuring these environmental factors with the necessary
thermometers and recording the duration of treadmill running of college
studenis during three months of the summer. Unfortunately, after
collection of data was completed, it was found that no scores were
obtained from several ranges and combinations of heat and humidity.
Failure to select the instrument capable of controlling the environment
produced this inadequate output. Three choices were available to the
investigator—change the objective, temper the conclusions, or keep
testing untii all the missing data were compieted.

3. Elementary school subjects were given sports skills tests in which
scores were recorded as average, above average, and below average; pass
or fail; or as ranked scores. The investigator wanted to compare thesc
data with other groups and subgroupings of sex and grade using the
analysis of variance technique. He discovered that he could not use this
technique since his measurement scale was of the ordinal type (ranked
numbers) and also that no comparisons could be made between the ranked
scores. Thus the last step and the feedback loop of the research model
needed to be altered because the testing instruments were not viewed as
subsystems of the research system.

The research objective largely determines the instruments which
nced to be used. Table 1 illustrates five subsystems which provide
varying degrees of information output concerning the patellar reflex in
man. It readily can be seen how the objectives of research would differ
with respect to the information output derived from the various collection
instruments.

Listing Approaches and Instruments to Fulfill Objectives

The second principle for instrument selection is to compile a list of the
possible approaches and types of instruments for fulfillment of the
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objective. Too often the availability of an instrument determines the
objective, rather than the objective determining the instrumentation. All
too frequently, the available instrument is that one which is in common
vogue. But it may not suit a particular investigator’s purposes. Further-
more, the adage that the most sophisticated machinery is the best is not
necessarily true. These assumptions prevent a researcher from making a
scientific choice and narrow his list of alternative approaches. Therefore,
the following guidelines are presented to aid the beginning researcher:

1. determine what other investigators are using
2. list instruments available commercially
3. build models for design and construction of new instruments

4. categorize each instrument according to needed input and desired
output.

Evaluating instruments

The list enables the investigator to evaluate the instruments. Initially, one
should look for simplicity of design, a simple mechanical instrument or
skills test rather than a compiex clectrical one. In many research problems,
the simpler and more direct the means involved, the better the instru-
mentation. However, since many advantages accrue with introduction
of electrical instruments, the simple and direct methods should not be
selected unless they perform according to acceptable standards. The four
criteria for evaluating the perforriance . instruments regardless of
whether they test, measure, or control, are: 1) accuracy, 2) precision,
3) sensitivity, and 4) rangeability.

Accuracy

Accuracy of the instrumentation system essentially refers to its validity.
Does the instrument actually measure what it purports to measure? Does
the input consist of only the variable to be measured, the measurand?
Rigid control of iiie iesting situation makes it possibie to eliminate all or
most extraneous or interfering inputs. Failure to establish these controls,
however, results in inaccurate outputs. Written tests of self-evaluation
that have unwanted social desirability response inputs and sports skills
tests which include inputs based upon lack of comprehension or motiva-
tion will not produce true output performances. This latter situation has
been noted particularly when testing children who are mentally deficient.
Motor performance scores of some of these children indicate inability
to perform the skill at the time of testing. Yet in another situation, they
perform the skill without difficulty.
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TabLE 1. Five Collection Instrument Subsystems Showing Input, Modifier,
and Output Processes Concerned with Patellar Reflex Testing

Instrument
Subsystem Input Modifier OQutput
hammer and hammer tap a. none leg extension
investigator b. different a. reflex
forces exists or
c. different does not
locations exist
b. reflex is
strong or
weak
hammer and hammer tap a. none reflex time
investigator current b. different a. quantifica-
chrono- conditions, e.g. tion
scope after exercise
and break under heat
circuit stress
hammer and hammer tap a. amplifier or goniogram
investigator resistance attenuator a. range of
electro- changes movement
gonio- b. reflex time
metric c. movement
recording time
system d. movement
velocity
hammer and hammer tap a. film speed film
investigator subject a. action of
photog- body parts
raphy b. reflex time
hammer and hammer tap a. amplifier electromyograrn
investigator electric a. muscie
electro- current response
myograph-
ic
recording
system

Unless an instrument system can be calibrated, its accuracy cannot
be ascertained. Calibration consists of comparing the instrument output
with a krnown standard or criterion. For example, stroboscopes usually
are calibrated with the 60-cycle power line. Sports skills and written
tests usually are calibrated with existing tests. If no stancard for calibra-
tion exists, validity by definition must be sought.

In no case will the calibration standard be 1009 accurate. True
values are impossible to attain since all measurements are approxima-
tions and some random errors always must be assumed. These crrors,
however, are dealt with by systems of statistical methods and do not
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affect significantly the accuracy of the final output of collection instru-
ments. Systematic errors (thosc inherent in the system), however, adversely
affect the output and are related to the precision of the instrument.

Precision

Precision refers to reliability, that is, the property of showing agreement
of outputs with repetition of inputs. All instruments are reliable if as-
surance of identical inputs can be made, and assurance that the modifier
process has the same effect upon the input without regard to time, tem-
perature, or other factors. Inconsistent operation of the instruments and
drift of electrical components decrease their reliability. Systematic errors
produce precise outputs, but the instrument may be measuring something
other than the identified measurand. A steel tape used in below freezing
temperatures or a cloth tape stretched beyond its original length will
give precision output, but values which deviate from true scores. Thus, a
precise instrument may not be an accurate one. An acceptable instrumen-
tation system must possess both accuracy and precision.

Sensitivity

Knowledge of the sensitivity of the instrument aids in ascertaining the
validity of its use in a particular experiment. A control system not
sensitive to minute changes in the variable may render the experiment
worthless. A written test utilizing a seven-point scale has greater sensitivity
than a five-point scale. Likewise, sports skills tests shich do not differen-
tiate among finite levels of performance are not sensitive instruments and
may have limitations for linkage with analysis instruments.

Investigation of finite changes in the variable requires instrumenta-
tion which is able to detect these changes. For example, measurement of
reflex or reaction time with a stopwatch with a precision of tenths of a
second would not give valid results. Strain gauges unable to detect
changes of less than 2 pounds cannot be used to measure strength differ-
ences among weak muscle groups.

Sensitivity may be increased by attenuation or amplification as in the
case of recordings from electrical instruments (for sensitivity, see p. 172).
Pen deflections or other readout components are amplified in order to
provide records which can be analyzed with greater precision. However,
care must be taken not to overload the amplifier and introduce noise into
the system. Noise refers to any interfering signal or undesired input which

affects the output. It is a constant source of worry to those using hardware

approaches. However, it also exists in other types of instrumentation
systems. For example, a ball rolling across the path of a person being
tested on the 50-yard dash or any type of disiracting element interfering
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with the concentration of a person being tested for reaction time would
constitute noise.

Rangeability

Rangeability is the ratio of maximum to minimum scale or score output
for which stated acceptable precision is available. Therefore, as the range
decreases the percentage of error and the limitations as a precision
instrument increase. This implies that calibration should be checked over
the complete range of use—a micrometer at different openings, an
electrogoniometer throughout the range of movement. and a stopwatch
or a spring-wound movie camera at different durations. Details are
described on p. 124.

Some instruments are linear throughout a part of their operation but
become nonlinear at other phases. Potentiometers use!; in electrogonio-
metry and oscillators used in telemetry circuits may have these properties.
The proper operation of these elements in a system is necessary for
assurance of valid results.

DESIGN AND CONSTRUCTION OF NEW INSTRUMENTS

If, after following the previous guidelines the investigator decides to
design and construct a new instrument, he is confronted with a decision
which may be outside his realm of knowledge (3). Hardware instruments
may require knowledge of mechanical, optical, pncumatic, hydraulic, or
electrical components and systems. Unless the investigator is familiar
with these types of instruments, he should contract with an engineer to
design and construct the new instrument. Even with knowledge sufficient
to build it himself, the investigator should consult an engineer. Software
instruments and sports skills tests probably can be designed by the
majority of investigators.
Several guidelines are given to aid the investigator in his design and

construction. '

1. Designers should use the systems approach.

2. They need to gain an understanding of materials’ specifications,
e.g., tension, flexibility, size, signal transmission distance, density,
viscosity, resistance to shock or chemical action, frictional and magnetic
properties. For example, different specifications are required to emit a
signal 40 ft as compared with only 10 ft. If a forc= is being measured with
a spring scale dynamometer, distcrtion of the spring may cause erroneous
results if the spring is not of the correct tensile strength. Temperature
increases may cause viscosity, frictional and magnetic properties, size,
and pressure to vary to such an extent that materials become unacceptable
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as components for the system being constructed. Knowledge of minimum
performarnice levels for each component of the system is indispensable.

Although “homemade™ devices may be acceptable as research
instruments, often they are built of inferior materials to save money.
Instead, time and money are wasted. An example of this is an investigator
who attempted to build a strength testing instrument. Force exerted
against a lever produced deflection in a load cell. However, slippage in
the pulley belt connecting the two components had to be corrected. A
second pulley belt was added and then a floor platform was constructed
and some angle iron supports erected to prevent the force from being
absorted by the frame of the machine. After all compensations were made,
including compensations for compensations, the machine still failed to
function with accuracy and had to be discarded.

3. All preliminary models need to be built according to desired
limits of precision, accuracy, sensitivity, and rangeability.

4. Each instrument model should be tested before the final model
is built.

5. As altered by testing results, selection and construction of the
new instrument is made. The model which best meets the criteria is
selected. In addition to the criteria, safety features and cost of the instru-
ment may affect the decision.

SIMULATION OF INSTRUMENT SYSTEMS

The computer and the systems approach in research have led to the use
of simulation as a common research tool. Simulation involves two
systems—the real and the model. The model, mathematical or physical,
is manipulated, tested, or otherwise operated upon in order to gain
information about the real system. Biomechanical and biomedical re-
search has used this tool extensively since treatments which would be
prohibitive on the rea! system can be used on the models. For example,
the biomechanics of head injuries is studied by imparting various types
and amounts of forces to a model of the human head. Causes and pre-
vention ¢{ concussions and deaths may be ascertained from this approach.
Manufacturers of new sporting equipment and safety devices, park and
playground design and facilities may well save costs and lives by using
this approach.

Reed and Garrett (1) have used a computer graphics system to
produce motion simulation of a jumping pattern. Simulation systems with
the computer show great promise in the area of software and sports skills
testing. Models could be built to test validity of the new instrument and
to pre?ict responses to a new test.

¢

ERIC

Aruitoxt provided by Eic:



86 RESEARCH METHODS

In general, models allow one to gain a better understanding of the
real system. However, the investigator must determine the amount of
error between his model and the real system. The worth of the final output
hinges upon the designer’s ability to simuiate as nearly as possible the real
system (2). As with all measurement, some error exists with all simulation
systems. Fortunately, the principles and evaluation of instruments used
in simulation systems remain the same as those used in real systems.

PRINCIPLES FOR OPERATION OF INSTRUMENTS

The investigator must understand completely the characteristics of the
measurand. Furthermore, he needs a basic understanding of the operation
of the instrumentation system and how the system affects the output when
properly or improperly operated. The operator introduces errors in the
form of mistakes, independently of and in conjunction with inherent
errors of the system. The reliability of the operator, then, becomes one
of the major problems to be considered.

Proper manipulation of equipment avoids errors. Improper physical
handling of instruments usually lowers the reliability of the testing instru-
ment. Skin calipers and other anthropometric measuring devices without
pressure gauges rely upon the ability of the investigator to “‘feel™ equal
and correct pressure. His ability to be consistent from subject to subject
as well as day to day depends upon precise manipulation.

Positioning of display scales—chronoscopes, dials and other read-out
panels—should be made with the purpose of preventing parallax errors.
Tiie reader should be able to stand or sit at the same location, view the
display data at eye level directly in front of him, and read the true value
of the output.

Operation should be standardized. A set of directions usually is
provided for operating all instruments, including commercial hardware,
software, and sports skills tests. If no set exists, as with newly constructed
instruments, a set of precise steps to follow should be identified. Steps for
software and sports skills testing instruments need to specify how the
instrument is used, what the operator does, and what the subject does.

Instruments need to be checked periodically: the time :nterval
depends upon the stability of the instruments. Hardware neecs to be
cleaned, lubricated, magnetized, and repaired. Necessary conside ation-
should be given to storage of instruments under suitable climatic con-
ditions. Some tools need to be calibrated before each use, others .:fter
short periods of operation, and others at infrequent intervals.

While frequent use of instrumentation may accelerate deterioration,
it is likely that deterioration will be considerably less than that which
would accrue from disuse. In addition, more consistent and reliable

, functioning results from frequent use. Not ouly will the system function
¢
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better, but so will the operator of the system. This has been noted, for
example, with those who analyze gas samples via chemical techniques or
administer sports skills tests. They are less precise after lack of practice.
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CHAPTER

SOFTWARE 1S DESIGNED TO OBTAIN RESENSES from subjects, responses
which may be more or less precisely transisted into quantitative values.
Each itemin software is unique in its approaci: to subjects and in the data
yiclded. The selection of an instrument is deternined by the objective of
the investigation and the design of the study. \"or purposes of this dis-
cussion, four groups of instruments are presentec. Classifications of these
graphs by the method of measurement and nat.are of the response ex-
pected, are as follows:

1. direct approach to subject for information
2. evaluation of subject or his actions
3. direct measurement of subject with respect toability or knowledge

4. indirect approach to measurement of subjects’ beliefs, attitudes,
or behavior.

DIRECT APPROACH TO SUBJECTS

If one wishes to obtain information from a subject, he may question the
subject under circumstances which call for either a spoken or written
response. In general, one can assume that if the subjects can be met face-
to-face verbal response should be solicited, and remote subjects shouid
write out their answers. However, it is not quite that simple.

One may contact subjects as a group, but desire individual responses.
Subljects may be asked questions to which they prefer to make anonymous

¢
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replies. At other times, one may ask questions on which the respondent
is expected to spend some time seeking information from files or thinking
through a problem beforeanswering. Ineach ofthese cases a questionnaire
is indicated.

Onthe other hand, one may wish claborate answers which the subject
may dictate but would not take the time to write. Or one may wish
immediate reactions to ideas and not the deliberative, cautious response
from mulling over the “‘sounds of one’s answer.” The interview may be
the ideal tool in these cases.

Questionnaires

The questionnaire is a carefully prepared series of questions with more
or less guided form to the answers. The initial step in preparation of the
questionnaire is the determination of topics and details to be queried.
Only information which cannot be obtained from any other source and
is valuable should be requested in a questionnaire.

Questions should meet the following requirements for information

which can be summarized.

1. The questions should be brief and concise, with no ambiguities.

2. The questions should be clear to the least informed or least
intelligent of the subjects.

3. Térms should be defined if there is any doubt. The question should
mean the same thing to all subjects, i.e., no interpretation should be
needed.

4. The spaces for answers should be in a column on either the right
or left side of the page, if possible. This makes for easier tallying.

5. The nature of the response should be apparent, i.e., a choice from
options presented, an approximation or generalization, or a free response
statement. Examples:

Choice. How would you describe your swimming classes?
small, permitting individual attention

small, but too many for the size of pool

large, sufficient instructors for class

large, insufficient space and individual attention

Approximation. How many are in your swimming classes on the average?
____5-10
____11-15
___16-25
—_26-40
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Free response. How many are in your swimming classes on the average?

The format of the questionnaire is extremely important in securing
responses. Poor wording of questions or poor arrangement on the page
is apt to send the questionnaire to the wastebasket rather than into the
return mail.

A questionnaire which is too long is discouraging to -the recipient.
Printed copy reduces pages and provides better arrangement than typed
copy, as well as less actual weight for mailing. Likewise, a double column
on the page can frequently be used to give the impression ‘“this is easy.”

The questionnaire should in no way reveal the opinions of the
investigator or carry any other clues as to responses that might be ex-
pected. Likewise, the respondent should be assured of anonymity of
responses if information is of a personal nature or might carry reper-
cussions if answered frankly. Identification can be avoided by some
catcgorization of the respondent; for example, the important detail may
be the type of school and its location. Therefore, questions covering these
two points may be much more pertinent than having a name.

The time at which a questionnaire is sent can greatly affect the
returns. For example, questionnaires should never be sent at the time of
a holiday or immediately preceding it. School personnel cannot be
expected to answer a questionnaire at the beginning or end of a school
term. The absence of a self-addressed, stamped envelope can destroy
rapport with the subject; on the other hand, use of such an envelope will
greatly enhance the chance of obtaining a response.

Questionnaires have been so overused that potential subjects often
refuse to answer or do so hastily. Careful construction may avoid some
of this rejection.

Emphasis on careful work seems necessary at each of the following
stages of research employing this instrument:

l. in deciding the suitability of the questionnaire as a research tool
for a particular study
2. in preliminary preparation and construction

3. in defining the population to be queried and selection of the
sample to be questioned

4. in transferring responses to tally sheets or computer cards,
summarizing them, and drawing meaning.

Interviews

The interview may be regarded as an oral questionnaire. Therefore,
most of the rules covering questionnaires should be applied to interviews.

TV e

{3 ~er, interview questions tend to be more general and to invite the
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individual's free response more frequently. The interview permits a topic
to be persued in greater depth than is usually achieved by a questionnaire.
The interviewer usually deals with fewer subjects and with less attempt
at compiling descriptive summaries and generalization on the data.
However, exceptions can be found to both points. For example, the
public opinion polls dea! with many subjects but also report each option
in its proportion to the total. V

The questions on the interview are planned in a coordinated pattern.
A general question may draw all the information needed from one subject,
some of the related questions may be needed to get full coverage with a
second subject, and still other subquestions are needed with a third
subject.

The interview is a planned and guided conversation in which the
interviewer draws out the respondent, but never divulges his own views
by direct (or indirect) statement or challenge. Above all there should be
no debate or arguments.

The interviewer must be trained in the interview technique. The
willing talker or conversationalist may not make a good interviewer. He
may need experience with the age group or subpopulation being inter-
viewed. For example, the interviewer without vocabulary and rapport
with the dissident student of today would probably not get the information
he was seeking. Similarly, the interviewer unacquainted with old peopie
might not have patience to hear the subject out and to understand the
meaning of some of the reminiscences.

The interviewer must have a thorough background in the problem;
otherwise the more knowledgeable respondents soon sense the futility
of trying to put some of their explanations across and either terminate
the interview or give the briefest possible answers.

Note taking is essential but "aust not be distracting to the subject
or absorb the attention of the interviewer. In many studies it may be
desirable to use a tape recorder for the interview. If this is done, the
approval of the subject is essential. In this case. as well as with written
notes, the responses must be kept confidential unless the subject is willing
to be quoted. Care must be taken to minimize indirect or subtle influence
that may result from interviewer bias.

Diary

The research diary calls for the recording on certain items, at specified
intervals and in certain form, on a prescribed record sheet. It is not a free
response channel for the subject. For example, a child’s play activities
before school. during breaks in the school day. and after school may be
recorded twice daily, and an adult’s recreational activities may be recorded
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daily. The adult’s activity may be reported in blocks of an hour or more,
whereas the child’s will probably be in 5, 10, or 15-min units.

The diary produces a much more exact record of a subject’s activities
than does the questionnaire, which deals frequently with recall and
memory. The diary is especially suited to problems dealing with diet or
other health practices. with recre.tional pursuits. or with details of work
tasks for job analysis.

Summary of Direct Approach

Whichever software method is used. the subjects’ cooperation is crucial.
They should be given some information concerning the study so that the
project may be sold to them on its merits, not on a personal appeal.

In studies using any of the techniques explained above. there is an
advantage in obtaining prior consent from each subject. A respondent
who has promised to answer a questionnaire is less apt to discard it when
it arrives than if faced with it unexpectedly. The interviewee is more apt
to have time to devote to the interview when an appointment has been
made.

The questionnaire and diary tend to be expensive because of printing
and mailing costs. Interview costs come mostly from travel expenses. In
either case, adequate underwriting should be assured before undertaking
the study. The researcher using any of these instruments is encouraged
to study resource materials further elaborating on construction and use
4, 21).

EVALUATION OF SUBJECT (R HIS BEHAVIOR

Sometimes there is merit in studying subjects in activities they perform
regularly or in which they would engage even if research was not being
done. Instruments used in each situation vary with the data sought. Some
studies call for highly specific information. Others seek decisions or
judgments on the part of the investigator or his collaborators. A brief
presentation of methods follows, and the reader is referred for further
discussion to sources such as Seiitiz and co-authors (21).

Observations

The observation is a planned procedure designed to note and record
specific occurrences. The choice of tools and techniques determines what
kind of data will be obtained. Checklists and scorecards aim simply to
tally specific kinds of happenings. the anecdote provides a narrative of the
sequence of happenings. and the rating puts a qualitative value on the
happening. Use of the observation technique is almost unlimited.
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The observation does not necessarily reguire cooperation of the
subject. In fact, he may even be unaware that he is being observed. The
one-way window permits the observer to obtain full view of the action
of the subject without the knowledge of the subject. It is a technique for
studying *'normal’’ or customary conditions, rather than those staged at
a particular time with specified conditions or equipment. It is used in
both one-time descriptive studies and in longitudinal studies on growth
or learning. It has been used more on case studies of children and of the
atypical than of individuals in group learning in school. Nevertheless, it
would appear to have value in the class situation.

Whether the observation is made by one person or by a team of
observers, ceriain qualifications must be met. Each observer must be
knowledgeablein the action beingstudied. He must be open-minded about
outcomes and the individual differences observed. Training for the
particular kind of observation to be used, definitions of certain items
or events to be seen, and explanations of methods of recording should
be provided for all abservers. They should observe concurrently.

Observations should be long enough and repeated enough to produce
a reliable record of what has been taking place. Judgment and experience
enable the investigator to estimate in advance how much time will be
needed. But as long as new information is being secured and the overall
relationship between items is fluctuating, more observation is desirable.
Variation in time of day may be essential. On the other hand, certain
times of the day niay be expected to yield no information because the
subjects are otherwise engaged.

The direct personal observation may be augmented by such devices
as the videotape or motion pictures. These enable the observer to see the
subjects repeatedly in a given action, thus yielding clearer informetion.
Also, tape or motion pictures may be used as a training experience for
the observer. If the data are to be used in a case study and a follow-up
with cases is made, this technique would be useful. Also, if comparative
observations are planned at stated intervals, then the permanent record
typing, and body symmetry also constitute a permanent record for more
accurate observation and analysis.

In order to use results of an observation in a research study, the
results must be recorded in some form. Following are some iypes of
records.

Ratings

A rating represents a judgment made by the observer. The rating actually
compares the subject with other subjects in terms of the particular ability
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or factor being observed. Individual cases may be placed in very broad
descriptive categories. i.e., when very few levels are recognized. Or they
may be placed in onc of many categories, if judgments can be made
accurately enough. It is easter to rate in a few broad categories than in
finer gradations.

A rater must have a background on the trait or activity he is rating.
He should be experienced in making ratings and be familiar <vith the
particular rating scaie used. Reliability of the rating improves with
frequency and length of the observation and with freedom {rom distrac-
tions while making the rating. '

It is preferable to have several raters work simultaneously and to use
the sum of their ratings. They should work independently. They will not
agree perfectly and could do so only by collaboration. Their differences
reflect differences in background and orientation to the task as well as the
different points from which they make the observations. Slight differences
are desirable. One should not be unduly concerned if one rater is always
higher, or always lower, than the others. This simply reflects his difference
inlevel of expectation and as long as he places subjects in the same relative
rank, and rates all subjects, the exact level is unimportant.

There are several forms of the rating scale. When judges are to
observe motor activiiy and rate individual performers, the most commonly
used scale is one of five points. Each of the five categories has a key
descriptive term and a very brief statement of what characterizes the
individual in this caiegory. Such a scale might read as follows on baske:-
ball:

5 Superior player. Passes effectively, covers court well, moves to
receive passes advantageously, is consistently
accurate when shooting.

4 Good player.  Most passing and receiving are good, may be a
little slow, does not always anticipate or initiate
appropriate play, has a reasonably good shooting
record.

3 Average player. Issatisfactory in floor coverage, passing, receiving
and shooting; is not a real azset to the team.

2 Fair player. Is slow, not very dependable, is unable to advance
the ball, has a poor scoring record.
1 Poor player. Is ineffective as a team player, is avoided by

teammates when possible, no shooting ability.

The same five categories may be used in another way when asking
respondents whether they agree with some statement made. The options
would then be as follows:
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5 strongly agree

4 agree

3 neutral

2 disagree

| strongly disagree

.

Some scaler may have only three categories, others seven or nine.
The last two are difficult because they tequire fine discrimination. It
should be noted, however, that all of these have an uneven number of
categories. This provides for 4 middle category where differences are
harder to distinguish than they are when further from the median.

The ratings are valuable only if the raters 1) have adequate evidence
on which to base their judgments, 2) are competent for the assignment,
and 3) work conscientiously. In planning a research study one does his
best to insure the first two conditions and assumes the third is met.

Checklists

The checklist is prepared for a specific type of situation in which the
abservaticil is used to obtain data. It contains a list of actions which
may be seen occ:rrring, and on which the observer tallies each occurrence.
One example might be used on beginning bowlers in a learning study.

Foul line violations

Hits in 1-3 pocket

Gutter balls

Split leaves

Another example might be used in a class designed to develop fitness.

Number of exercises or activities used
Number of rest periods

Number of stations S performed at
Evidence of fatigue

Anecdote

Theanecdotal repor* is most likely to be used in case studies. Theanecdote
is a narrative accoun. of an incident in which the subject was a participant
orhad opportunity to be one. The account must briefly state the situation,
what the subject said and/or did. and how he reacted to his own role
in the incident. An example follows:

The squad lcader was assigning squad members positions for
the game. There was one extra player. The leader asked Mary
to be a substitute, 1o help the scorer for four minutes and then
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come in as rear guard. Mary protested, “I want to play,” pouted,

and refused to help the scorer. She was angry when she entered

the game four minutes later and played poorly.

A single report on a subject has little meaning, but a series of reports
begins to show a pattern when reported by various observers over a
period of time.

Motion Picture Films and Videotape

The permanent record of a motor performance provides an ideal way
to observe the performer. Cost of equipment and operation is largely
responsible for the fact that such records are not used more extensively
in physical education research. The use of slow motion film, that is,
film with very small intervals between frames, provides an added value
when motor analysis is desired.

A film which is to be used for mechanical analysis requires more
than clear photography. Landmarks may need to be placed beforehand;
at any rate, contours and landmarks must be observable, clearly outlined,
devoid of shadow. Movement usually covers space and therefore may
result in distortion on the film. Wide angle and telephoto lenses can help
to solve that problem. Measurements must be possible, precise, and
undistorted.

When movement is essentially in one plane with the camera angle
perpendicular to it, it is possible to study range of motion and relative
body positions. Movement in another plane creates problems for the
analyst which must be solved before filming. The solution is frequently
a second camera, operating at right angles to the first, or directly above
the performer. The two camera views should include synchronized timers
so that cross-analysis can be made from the two films. All movements of
the human body are rotatory. Therefore, trigonometric computation of
position can also be made on the two-dimensional projection,

Since movement occurs over a time span, it is also necessary to
have an accurate record of the passing of time. First thought would
seem to indicate that the frame would be adequate as a time unit. However,
itis subject to enough variation to make this unsatisfactory. The optimum
is a timer within the photographic range. This may be a large clock face
with a hand which makes one circuit per second, and distinguishable
one-hundredths of a second calibration. Or a digital timer may be read
from the photograph if it is large enough and placed in clear view.

The analysis of the film may take one of several forms.

1. A tracing of the outline of body parts can be used to show similar-
ity &f nosition and scquence with one or more performers in the same act.
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Deductions of the mechanics used by the performer can be made and
differences between good and poor performers identified.

2. Stick figure drawings may be made instead of outlining the body
part. The segment is then represented by a line from one articulation to
the next. This, too, is a fairly simple form to use and can also be used
to indicate range and velocity and to compare the various parts in
these aspects.

3. Body positions and angles of motion may be measured. This
measurement requires a clearer projection than the methods already
mentioned. A film reader with a glass window is particularly good for
this work. Such measures are usually used to compute a measure of central
tendency and variability for a group of subjects. If a sample of good
performers is so presented, single subjects may be compared with the
average on each phase of the movement.

DIRECT TESTING OF LEARNING AND KNOWLEDGE

The research worker in physical education seldom finds the exact test of
knowledge and understanding that he needs for his project, even in tests
of motor performance. Since measurement is used in so many forms of
research, it is apparent that the young researcher would do well to learn
the techniques of test construction. Neither written test nor skill test
construction is beyond the abilities of the competent graduate student.

The research worker may use various printed sources and may find
one or more tests which seem to be appropriate in coverage or face validity
for his specific needs. He must know the requirements of good tests if he
is to evaluate the statistical evidence on the test items adequately, or to
pass judgment on the quality of the test.

The teacher also usually finds either that no test is available to meet
his needs or that he must choose a test as the research worker does on
the basis of whether the test meets basic criteria. It seems probable that
of all the research procedures, those pertaining to test construction are
used more than any other by the average teacher of physical education
and health education.

Written Tests

The term ‘‘written test’’ is used here with reservation. This term, like
‘““paper and pencil,”” simply indicates the equipment or process by which
the subject responds. If one followed this analogy through to tests calling
for motor performance, one would have to be more versatile in ter-
minology and refer to the “‘ball and bat’ test, or the “running test,” or
the ““in-water” test. We tend to be more accurate in identifying the ability
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represented in the performance test than in those tests where the student
exercises recall, or passes judgment, or otherwise makes a mental reaction.

An appropriate term which is coming into more general use is ““test
of knowledge and understanding.” While knowledge and understanding
are not the same, most tests include some of each. Perhaps the best way
to understand the difference is in the terminology presented in Taxonomy
of Educational Objectives, Cognitive Domain, edited by Bloom (5). The
first level in that taxonomy represents simple recall or memory of factual
material. The upper five levels range from comprehension of meaning
through various forms of analysis, application, and use. The student is
exhibiting knowledge when he indicates that the tennis server is foot
faulting when he steps over the baseline. He is showing understanding
when he indicates whether it is best to cross the baseline or move behind
it to play a specific return into his court. In terms of examination form,
he is showing knowledge when answering the following:

What form of test is usually used for boys in measuring arm strength?

1. bent arm hang

2. straight arm hang
3. free hanging pull-up
4. modified pull-up

But he is showing understanding when he answers the following correctly:
Which exercise will best prepare boys to pass the pull-up test?

1. press with weights

2. push-ups

3. practicing on push-pull dynamometer

4. rope climbing
There may be instances when the examination should be weighted heavily
with items of knowledge. For example, candidates for the job of sports
official must know thoroughly the rules, the penalties, and which official
calls the infringements, administers the penalties, and keeps the game
moving. Application of the rules and understanding of where to be in the
flow of game activity is better demonstrated by being in the right spot

than by writing responses to either descriptions of the game’s progress,
diagrams of the game, or motion pictures of a game.

The steps in constructing a test are as follows:

1. deciding on purpose and scope
21. writing items and preparing preliminary forms
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3. checking effectiveness of the items
4. selecting items and preparing final form of the test
5. determining standards on the test for a given population.

The purpose of an achievement test is to measure the level of under-
standing, or increment in understanding, over a certain scope of content
by a specific group of subjects. This is true of an examination given at the
end of a learning period. On the other hand, the purpose may be to
diagnose strengths and weaknesses in several aspects of the content area.
This requires more questions than the achievement form.

The content must first be defined. If an examination is to be used at
the end of a learning unit, then the purposes of the unit and the outline of
content provide the framework. The exam may be inclusive and detailed
or it may sample a smaller part of the total material. If the examination
is broad and not restricted to one course, the scope of the exam must be
defined also. If one is trying to establish a standardized test, then textbook
content and a survey of typical course content must be used to help define
the scope and make the final form of the examination useful.

= When the scope of the examination has been defined, then the relative
importance of each item in the list must be decided. This may be done
by one person developing the exam, a committee of teachers, or a jury
of experts in the content for which the test is being prepared. The com-
pleted framework of content and the relative proportion each part
contributes to the exam is the table of specifications for that examination.
The outline of content may be appropriate but the distribution of emphasis
poor, and a poor exam results. Both are important.

The builder of the examination is now ready to start writing items.
Extreme care at this point is essential, just as it is in building the table
of specifications. While the items will be revised several times before the
trial run, and many items will be dropped later, it will ultimately save
time to strive for optimum form in the first draft.

Unless the purpose of the test is to measure memory of facts and
rote learning, it is best not to use true-false or recall questions. The

~ multiple choice question is best adapted to evaluation of students’
understanding and ability to make decisions in which knowledge is basic.
Most health and physical education content adapts to this form readily.

Thereare several forms of the multiple choice question. The following
illustrate some of these, but the reader is referred to textbooks (7, 13, 20)
for help in writing and to Bloom {5) for help in building items calling for
some form of reasoning. The most common multiple choice form is this:

1. Why does one *‘give” in catching a ball?

a) sounds better
Q
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b) makes possible a quicker return
¢) provides contact long enough to close fingers on ball
d) forces the arm into flexion.

The following is the same basic form of question but uses pictorial foils.

2. Which figure is mcst characteristic of a flight imparted by a #5

tron?
b)
c) ﬂ

d) Y Y Y Y

The above items simply ask a question and provide a choice of answers,
one of which is best.

These questions are probably answered on the basis of a memorized
fact by most subjects. The following might be an example of a question
requiring some thought and analysis:

3. Which parts of the stroke add most to the accuracy of the place-
ment of a forehand drive when carefully controlled?

a) transfer of weight, angle of racket face

b) waiting position, playing ball immediately off the bounce
¢) firmness of grip, position on court

d) speed of the ball, facing of player while stroking.

Still another form might be arranged as follows on an anatomy examina-
tion. '

4. Choose the best of the following possible answers for ¢ach
question below.

a) does not cross the articulation or does not work at all
b) is a weak but primary mover

c) is the chief of the agonistic group

d) is a weak synergist

e) is a supporting muscle

f) is an antagonist

(1) What role does the triceps play in elbow extension?

(2) What is the role of the abdominals in back lying, leg
raising? ' .

(3) What is the role of the pronator quadratus at the elbow
joint?
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When preparing a preliminary form of the exam, there should be many
more items prepared than will be used eventually. The inexperienced test
writer may find it necessary to have half again to twice as many questions
as the number believed to be desirable for the final form.

For research purposes the preliminary form is administered to a
sample from the same population as that for which the exam has been
designed. This sample should be no less than 50 to 60 persons, and prefer-
ably at least 100 to 120. The examination is then scored and the questions
submitted to an item analysis.

There is some option in the way an item analysis is computed;
however the purpose is the same irrespective of method. First, the item
must differentiate between those who did best on the total examination
and those who did worst. In testing parlance this is validity, but the
derived figure is called an index of discrimination. An itemn with a high
index contributes to the total purpose of the exam.

Second, one needs to know how difficult each item is. Any item
which is either passed or failed by almost all students does not contribute
to differentiation. But it is independent of discrimination, i.e., an item
may be mid-level in difficulty but have no discriminating power. The
difficulty rating is simply the percent of the total group who answered
correctly.

The third bit of information derived from an item analysis concerns
nonfunctioning foils. These are foils that are chosen by none or too few
persons; when this happens the foil is not an adequate distractor. If there
are three or more functioning foils remaining after the analysis, the
item may be considered further. If less than three, it should be dropped
immediately.

The reader is referred to textbooks (7, 13, 20) and exemplary studies
(10, 16)indeciding on the exact technique to use. Probably some variation
of the Flanagan technique {(which yields a product-moment coefficient
of correlation indicating how well a test item differentiates good and poor
performance) is most widely used. (7, 14) Most of these techniques are
designed to compare each item with total performance on the test.

In other cases the purpose of the study may be to establish a test
with predictive value. That which is to be predicted then becomes the
criterion. For example, if one wishes to predict the success of college
freshmen starting a physical education major, the test would have to be
given on entrance. The criterion would be available when the vear was
finished. It might take more than one year to obtain enough freshmen
for purposes of correlation. The test content would be defined by the
kinds of abilities the student must have to perform successfully freshman
work in that institution. This would have to be determined with the same

o care and in similar fashion as the table of specifications for an achieve-
E lC‘nent exam.
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Most of the item analysis procedures use the upper and lower 27%,
of the distribution. This gives two groups which are at different levels of
whatever is represented by the test. The actual percentage may be violated
a little as long as all members of each group are distinctly different
by test score from the other group. A total sample of 100 or a little
over enables one to use two extreme groups of 25 each thereby establish
a reasonably stable picture of the performance. Also it simplifies most
of the computations. Aschenbrenner (2) also demonstrated that where
very large numbers of examinees are given the test, only 109 at each ex-
treme is needed. This 10 %, might very well be as many as 100 or more.

The use of the two extremes enables one to make calculations without
exact use of the specific score. This is a partial safeguard if there are
several poor questions in the examination.

On the basis of the item analysis the final form of the examination
can be prepared. Items may be used if they:

have three or more functioning foils
satisfy some point in the table of specifications
are appropriate in difficulty

are appropriate in the answering process in terms of taxonomy

vh RN -

are of adequate discriminating power as determined statistically.

Usually the items are arranged in the final form according to their
difficulty—progressing from easy items in the first part to increasingly
difficult ones through the exam. Other details of format, printing, answer
sheets, and «dministrative time are determined. Such an exam can be
given to the subjects of a research study, or to a class, with confidence
that scores derived are valid and dependable.

If the completed examination is long enough, one can assume reason-
ably stable scores if it is administered on more than one occasion in a
project. However, this is, at best, a difficult assumption because students
do not approach a given exam a second time in the same mind-set or with
the same effort. _

A reliability estimate is not always made. The most commonly used
computation is that proposed by Kuder-Richardson (7) or Angoff (1).

Guilford (9) points out that the following factors affect the reliability
of a test:

1. Item difficulty. Items of moderate difficulty, where 50% pass and
509 fail, are the most reliable.

2. Item intercorrelations. Reliability is highest when the items corre-
Imclhighly with the total score and lowly with each other.
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3. Rang: of difficulty. The more nearly equal the test items are in
difficulty, the higher is the test reliability.

4. Length of test. Reliability increases with an increase in length of
the test.

5. Item discrimination. Item discrimination, which is the correlation
of an item with the total test score, is a good index of item intercorrelations
(see No. 2, above). An effective way to increase the item intercorrelations
is to improve the discriminative quality of the test items.

Ebel (7) points out further that reliability values also are influenced by
the types of subjects used in developing the test. He states that it is easier
to get high reliability when the students range widely in level of achieve-
ment than when they are more nearly equal.

If one needs norms on an exam, the exam must be given to large
numbers from the population on which it has been validated and to which
it will be applied. With a sample ranging from several hundred to perhaps
a thousand or more, the derived scale becomes smoothed and usually
more symmetrical. The percentile is used most commonly and because
of its general use in education is most easily interpreted to students or
laymen.

It is highly improbable that a satisfactorily written examination can
be found in the literature or purchased from a testing agency which is
specific to a research study dealing with knowledge and understanding
in some aspect of physical education. Therefore, the investigator will
need to carry on a preliminary study of test construction as outlined
above.

Moto: Perfermance Tests

Motor performance tests may be used in research studies to measure
status, to measure changes in performance from time to time, to compare
ability of groups or individuals, or possibly to motivate subjects to
demonstrate abilities under certain conditions.

Motor performance tests are of several types to measure various
abilities. Examples are tests: to measure 1) certain abilities, such as
balance, flexibility, or agility; 2) certain aspects of fitness, such as cardio-
respiratory endurance, muscular endurance, or strength; 3) a somewhat
general motor ability or the specifics of skills used in particular sports;
4) posture and body mechanics or responses of kinesthetic control;
or 5) developmental movement patterns accompanying maturation. The
researcher involved with use of motor performance tests should start
with study of one or more of the books in measurement and evaluation
in physical education (3, 13, 14, 17, 18, 20).
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All types of performance tests must undergo both subjective and
statistical evaluation. The subjective is the first step and is largely one of
Jace validity. In some instances, this may be sufficient. For example, if
a subject is asked to exert a maximum effort in pulling on a dynamometer
this appears to involve little except strength and willingness of the subject
to put forth effort. Likewise, if subjects are asked to run for a long period
of time, the various times dexnonstrated are directly related to endurance
and willingness to persist. Or, a subject asked to move an extremity in
a given plane through as great a distance as possible exhibits flexibility
of at least a certain type in that particular area. Such tests are not open
to debate on the function being tested, but the way in which they are
administered and the way in which the subject is motivated to cooperate
are always open to question.

Therefore, the investigator must be thoroughly conversant with the
various ways of eliciting subject performance and scoring the perfor-
mance, and he must train himself for consistency. The characteristics of
the subjects which make them exert much or little effort may be partly
understood as differences of interests and of personality. These will be
discussed later. Subject cooperation is a requirement of all research.

Most performance tests do not lend themselves to such quick
assessment of quality. Whatever type of test one considers, all go through
essentially the same process of construction. These steps are as follows:

selecting a criterion
developing experimental test items

computing objectivity and reliability

Eal o

computing validity

5. computing a basis for combining into a battery if a single test is
inadequate .

6. establishing norms if necessary.

Criterion

A criterion is a yardstick of that which the investigator wishes to measure.
There is some option as to the type of criterion which may be employed.

In many situations there is no alternative except to have a group of
judges rate ability as they see the subjects in action. The usual procedure
for establishing and using rating scales is employed. The sum of ratings
is used to indicate the subject’s ability.

In a few cases there may be a known, or previously established,
measure of the ability being studied. While a project’s objective may be
to shorten the known measure or develop one which is administratively
more feasible, the longer test may serve as a satisfactory yardstick.

O
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In the case of individual sports it is sometinies possible to run a
ladder tournament. If seeding can be done in advance, this will probably
speed up the determination of proper place on the ladder. Such a tourna-
ment yields essentially a rank order ain:d provides a suitable criterion for
testing the experimental items.

Experimental Items

Ideas for test items should be centered around an enumeration of the main
skills in & sport. Working with such a selected list, the tasks established
should be performed in a situation as much like a game as possible with
only one performer involved. All details should be worked out on such
things as equipment needed, lines, targets, etc., distances and time
regulations, instructions to performer and assistants on scoring method,
and number of trials.

Every item should be prepared with the greatest care. At the same
time, one must recognize that a number of items will be lost in the succes-
sive stages of statistical evaluation. Therefore, it is advisable to start with
at least twice the number of items that one expects to use ultimately.

Objectivity and Reliability

Objectivity can be predicted on the basis of the method used to score
the test and on the amount of training the test administrators have had.
Objectivity may be expressed in terms of correlation. For computation,
more than one scorer is used and the scoring of one judge is correlated
with each of the others.

Reliability (see pp. 83 and 37-38) is the consistency with which a
test measures at a given level of performance. The optimum procedure
is to administer the test twice, preferably on successive days. The scores
of the two administrations are then correlated. Another option is to use
a test that may have several trials. In that case, the alternate halves would
yield a correlation a little lower than two administrations of the test since
the number of trials being correlated is only haif the total.

Any test which is not high on objectivity and reliability should be
dropped from further consideration, or additional trials given to subjects
immediately, to -be used as part of the total test score. Increasing the
number of trials usually improves reliability.

Validity

The procedures for determining validity (sec p. 81) are relatively simple.
Since the criterion has been determined and data collected on the subjects,
the correlation of each test with the criterion yields a coefficient of re-

RIC

Aruitoxt provided by Eic:



INSTRUMENTATION: SOFTWARE 107

lationship (variability). The more careful one’s estimate of face validity
and building for pertinent characteristics, the more apt is the test to
yield a high-validity correlation. If one believes in the criterion which
was used, one can accept the r as an indication of validity. The r should
be as high as possible.

If any item fails to reach a satisfactory validity level it should be
dropped from further use. It would not be used in the next calculations.
Neither would it be used in the future with the possible exception of use
for practice purposes.

Battery Construction

The first step in constructing a battery of tests is to select only those with
a satisfactory level reliability and validity. Intercorrelations are computed
among all remaining tests. For example, if 6 tests survive to this stage,
each of the 6 will be correlated with each of the other 5, for a total of 15
correlations.

The objective in battery construction for research is to select a
combination of items which will yield the best possible prediction of
that ability represented by the criterion. If the battery is being built for
regular class use, then a further consideration is administrative ease and
economy.

The combinations of items are selected on the basis of high validity
and low intercorrelation. Such observationally selected combinations are
then checked for validity by computing a multiple corrclation. Several
combinations may be tried and the ultimate choice is then made on the
basis of battery validity and feasibility of administration.

Norms

If norms are constructed, they are usually percentiles or other forms of
standardized score. Norms are always specific to the group on which
they are established and their wider applicability is dependent on the
representativeness of the sample.

INDIRECT MEASUREMENT

The term indirect measurement seems almost contradictory. This is not
really true. Measurement may be quite precise, but the interpretation is
derived by inference. The development of such measuring tools requires
the same type of processes as already outlined for direct measurement,
but frequently lacks the identification of a criterion in the way outlined
for skill tests.
O
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Attitude Scales and !nventories

Attitudes are usually considered to reflect the tendency of a subject to
react in a certain way under given conditions. But on a written test of
that tendency (attitude) he does not always respond as he might behave.
This may be because in a written answer he may think over alternatives
rather than answer spontaneously as he might overtly react. Or, he may
be defensive and try to protect himself or appear in some light other than
as heis.

Attitudes toward a specific subject can be obtained only if the scale
is built on components of the same entity. For example, if one wishes to
know the attitude of subjects to physical education, one must deal with
the range of experiences which to the subjects constitute physical educa-
tion. These would include activities, playing with others, being in a
gymnasium, getting hot and tired, acquiring skills, being tested, or
demonstrating skill. Dealing with such specifics gives a better evaluation
of the attitude toward physical education than simply asking the subject
to give a structured response to the question “how do you like physical
education?’ (very much, some, neutral, little, resent).

It is essential that a!l statements in the scale be related or be a part of
the same attitude. This is a matter of face validity and internal consistency.

Thurstone’s technique for factor analysis is one of the older methods.
He employed statements reflecting degrees of attitude favorability or
unfavorability. This technique requires a jury of judges and considerable
subjectivity in development. The more commonly used technique at
present is that developed later by Likert. This scale allows the subjects
to give differential responses (such as “strongly agree,” “‘agree,” “dis-
agree,” and “strongly disagree’”) to a number of statements.

Inventories attempt through alonglist of items to obtain a description
of the subject’s attitudes or opinions. Usually the subject’s answer is in
the form of a yes or no. For example, Doudlah (6) developed three
inventories which she called Bedy Image, Self-Concept, and Movement
Concept. Tufts (23) used this technique with members of 2 weight control
class and found that the inventories reflected changing concepts with
weight loss and increased activity.

Projective Methods

The projective technique attempts to draw out a more honest answer
from the subject than he might giveifheknew the purposeofthe questions.
The best known of these are the Rorschach test and the TAT (Thema-
tic Apperception Test) (19). The TAT uses sithouettes or pictures rather
than the completely abstract stimulus of the Rorschach test. The TAT
o has been used in several studies of physical education, for example,
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Jaeger (12), Williams (24), Sheffield (22), Glasscock (8). Jaeger found in
her study that experienced physical education teachers could evaluate
the reports on attitudes toward physical education as adequately as could
the trained psychologist. This seemed to contradict the statement of the
psycitologists that a jury of clinical psychologists must be employed on
such tests, and thereby opened the door to further development of the
technique in physical education research. Williams, Sheffield, and Glass-
cock all demonstrated the use of multiple choice foils rather than the free
response of the earlier forms. Pilot studies are essential to establish
suitable foils, but the actual scoring later is less laborious.

From the field of sociology came another form of the projective
instrument. Kuhn (15) developed the TST (Tweniy Statements Test)
commonly called the “Who Am I Test.” It consists of asking the subject
to write 20 answers after asking himseif tha: question. The attitudes
reveéaled are analyzed through three techriques: 1) social anchorage,
2) nonconsensus answers, and 3) saliency of answers, or manifestation
of trait. Isenberger’s (11) study applied this tezhnique in a study of women
physical education majors.

Most of the projective instruments permit the subject to construct
his own response. This has the advantage of permitting individual
expression, but the disadvantage of not lending itself to the single scores
which permit the comparisons between individuals possible with other
types of measurement.

Sociometrics

Sociometry is a series of techniques { : udying the patterns of inter-
personal relations within a given group. 1t is essential that members of
the group have enocugh acquaintanceship to have built some group
structure.

A sociometric test attempts to determine within the group the nature
of that structure, i.., is it a unified, cohesive group, or is it made up of
subgroups which are more or less mutually exclusive? The test attempts
toidentifyleadersand to quantify the degree of leadership. It also identifies
those within the group who are accepted and those who are rejected by
the group and the scope of acceptance or rejection.

A sociogram is frequently used to depict the group structure. It
shows graphically the nature of an individual’s relationship with others
in the group.

As in all forms of testing, it is essential in a sociometric test to have
full cooperation of all subjects. The nature of the questions asked is
governed by the need to obtain an honest answer and one which reflects
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The most frequently used form is the Functional Choice Test (21).
This is a technique for finding with whom group members wish to play
a game or serve on a committee and with whom they would be unhappy.
The situation to which the question refers is specific to the group.

The Personal Distance Test (21) is similar in end result, but asks
directly about the other members of the group without creating a situation
on which to base choice. Similarly, the Acquaintance Volume Test asks
subjects to name specific members of the group. This has the advantage
of being usable on a group with limited exposure since it deals only with
knowledge of names. It provides the possibility of measuring changes
over a period of time.

The sociometric test provides certain information, but nota diagnosis
of contributing factors or the dynamics of cause. It must be viewed as an
instrument for finding facts about the status of group integration at any
given moment.
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INSTRUMENTATION:
HARDWARE

W. D. Van Huss

Michigan State University
East Lansing, Michigan

CHAPTER

THE BROAD DIVERSITY OF RESEARCH LABORATORIES under the umbrella of
physical education is to be expected and is a healthy sign of professional
growth. However, this breadth of scientific effort precludes comprehen-
sive coverage of specific instruments in this chapter. Therefore the basic
principles and procedures which apply to the broad spectrum of hardware
utilized across the varied research efforts in the profession are presented
first herein. Since clectrical hardware seems to be the most forbidding to
neophyte researchers, the next section emphasizes electrical theory and
deals with the more traditional laboratory hardware, in which the phe-
nomena are usually measured directly. Selected references and readings
are presented at the end of the chapter and there is a bibliography in the
Appendix for the reader who wishes further information concerning
these areas of instrumentation, i.e., flow, pressure, volume, temperature,
specific gravity, time, mass and weight, and linear measures.

BASIC PRINCIPLES AND PROCEDURES

Instrument hardware consists of the physical pieces of equipment utilized
in research. Hardware is used to obtain direct or indirect measures, to
provide better control and precision of measurement, to amplify or reduce
data, to alter the time base to permit sequential study of fast or slow

The assistance of Robert Wells, engineer, in the preparation of this section is gratefully
acknowledged.
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occurring phenomena, to make temporary or permanent records, and to
modify or perform computations of the basic measures.

Hardware users in physical education tend to fail into three cate-
gories:

1. Those who know nothing about an instrument and who learn
only enough about it to be able to list its name in their thesis. In most
instances these individuals, fortunately (for the instrument) have soine-
one else collect their data for them.

2. Those who learn how to operate, calibrate, and make minor
adjustments. These individuals learn the basic scientific principles upon
which the instrument operates but are incapable of repairing it. Graduate
students should attain this level, at least. v

3. The highly competent technician who is capable of both operation
and repair.

Most new graduate students exposed to research where sophisticated
hardware is being used are understandably apprehensive. Since too few
have been permitted to use hardware in undergraduate training, it looms
as an unknown, forbidding quantity. The initial reaction is to withdraw,
saying to one’s self, “‘I could never operate that.”* Everyone experiences
this reaction but one should not let it linger. Become involved as soon as
possible to break down the resistance. The longer one waits the harder it
seems to be. Here are some guidelines:

1. Read the instrument manual, particuiarly the portion describing
the scientific principles upon which the instrument is based. Remember
that the single components of all hardware are basically simple. Most
instruments consist of many simple components working together. The
unit appears more complex than it is.

2. Read the directions for operation to learn a/! precautions and to
obtain a working knowledge of all the various switches, connections,
gauges, and dials.

3. Observe an experienced operator.

4. Request somecone to teach you to operate the instrument. Don't
be embarrassed in making this request. It is an unwritten law in research
laborarories that people help each other.

5. Perform calibrations, and if possible check your technique on
standard samples. When standard samples check within the specified
limits of error, the ability necessary to conduct research using that piece
of hardware has been achieved. Generally, learning to operate other
instruments becomes progressively easier. However in every laboratory
there is at least one “beast™ around which seems to defy satisfactory
operation.
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Calibration

Testing the accuracy of measurements by an instrument in normal
operation in comparison with measurements made on known standards
is known as calibration (pp. 38, 82-83). The accuracy of a measurement
is defined as the closeness with which the instrument reading approaches
the true value or standard (pp. 81-83). Since no instrument is accurate in
the absolute sense, giving only an approximation of the value of the
variable being measured, it is necessary to know the degree of accuracy
inherent in the instrument under normal operating conditions. The
accuracy of a measurement thus is reflected by the degree of error in the
final result. For example, a thermometer may be described as having an
error not in excess of +90.1° C between 0 and 100> C. In the calibration
process, however, usually a table or graph is constructed (Figure 1) by
which units of the standard can be determined. In some instances ad-
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justments are made on the instrument to make it conform to a known
standard. No measurement should proceed without calibration. It is also
a sound rule for the investigator to calibrate his own instruments so that
he has confidence in his own duta.

The accuracy of an instrument may be expressed in a number of
ways. The manufacturers usually give the intrinsic accuracy of the hard-
ware. This is the accuracy of the instrument when calibrated at the plant
under controlled conditions. This is not necessarily the same as the
accuracy obtained under practical laboratory usage. In some cases it is
necessary to sacrifice the intrinsic accuracy of a delicate instrument to
obtain one which is more rugged and therefore likely to maintain a higher
degree of accuracy under difficult laboratory conditions.

Accuracy as Percent of Scale Range

The accuracy of an instrument with a uniform scale is often expressed
in terms of the scale range. Accuracy expressed this way can be confusing.
For example, a balance with a range of 0 to 100 g (grams) could be quoted
as being accurate to within +0.5% of the scale range. This means that
all readings will be accurate to +0.5%, of 100 g or +0.5 g. At the top of
the scale range, this error may be negligible. Near the bottom of the scale
range, however, an error of +0.5 g may be significant. For example, if a
reading of 10 g is accurate to +0.5 g, this is an error of 5 %;.

Accuracy in Relation to the True Value

Accuracy is sometimes presented in terms of the percent of the true value.
If a thermometer with a range 0° to 100’ C was quoted as being accurate
to within +0.5% of the true value, at 10° C the thermometer would be
accurate to +0.05” C, but at 50° C it would be accurate to only 0.25° C.
A statement of accuracy of this type means that as the reading gets less
so does the size of the error and vice versa.

Point Accuracy

Accuracy presented at only one point in the scale range is called point
accuracy. It does not give information on the general accuracy of the
instrument. Point accuracy may be expressed in actual values or as a
percentage. For example, with a thermometer at 50° C, if the error was
+ 1" C it may be written 50° C +1°C, 50" C +1%,0r 50° C +2%,. It
would be written 50° C 1Y if given in terms of a scale range of 100°.
If the point accuracy is given in relation to the true value. it is written
50°C +29% (l.(;oC x 100 == 2%). The investigator should be wary as

'
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to how accuracy values are presented, in particular where percentages are
used. Point accuracy is rarely used for a single point but it is commonly
used to present the accuracy information for a number of points in the
scale range.

The Hysteresis Loop

If more complete information is desired, a graph should be drawn showing
the error at numerous points on the scale. The points should be plotted
against the true value as the measured value is increased in steps and the
process repeated as the measured value is decreased by the same steps.
Inaccuracies arising from such causes as friction, bearing or gear clearance,
spring changes, backlash in the mechanical movement, or the aging of
materials is reflected by such a plot. It is not unusual for an instrument
to deviate when the measured variable is applied and when it is released.
The hysteresis loop shown in Figure 2 gives the error at each point for
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movement up or down scale and is thus a fairly complete picture of the
accuracy of the instrument.

Multiple Instruments or Components

If four components with individual freedom for error (or four instruments)
are interconnected for the measurement of some phenomenon, each unit
would have its own limits of error. If we identify these errors by +a, +b,
+c, and +d, it becomes apparent that the maximum error possible is
+(a + b + ¢ + d). This may be the error limit for the instrument linkage.
Usually, it is unlikely that all units will have the maximum error possible
at the same time, so the accuracy is often expressed in terms of the root
square error +./a> + b® + ¢ + d°. Although accuracy is sometimes
expressed in this manner, the reader is urged to calibrate such linkages
against the true values and to plot a single multipoint accuracy graph or
hysteresis loop, whichever is appropriate.

Standards

The National Bureau of Standards, Washington, D.C., maintains absolute
standards and provides the methods and instruments required to utilize
those standards. Absolute standards are devices constructed to legal
international specifications of the fundamental units of measure. The
standard kilogram and standard meter are examples. Primary-standards
laboratories outside of Washington directly relate their measurements to
the Bureau of Standards. Secondary reference standards, such as those
commonly used in Bureaus of Weights and Standards in the states, are
designed and constructed from the absolute standards. Working standards
are calibrated in terms of secondary standards. These are usually used for
the routine laboratory calibrations. In the Michigan State University
laboratory, for example, working standards for weights needed for scale,
dynamometer, cable tensiometer, and tension-compression strain gauge
calibrations were obtained by having a representative of the State Bureau
of Weights and Standards bring their secondary weight standards to the
laboratory. The most sensitive scale was calibrated utilizing the secondary
weight standards. Regular weight lifting disks were then weighed and the
“true” weight value paintcd on each disk. These disks have continued to
serve as working standards. Weight lifting disks cannot be used as working
standards without comparison to the secondary standards. A 25 Ib disk
may be off as much as 2 Ib and this error is not usually in both directions.
In the disks used in developing the working standard, all were short-
weighted.

Obtaining working standards often can be a problem which taxes
»ne’s ingenuity or for which engineering help must be sought. For
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example, it is routine for many laboratories to utilize standard gas samples
for the calibration of electronic gas analyzers. Even though suppliers will
provide analyses for a fee, this is often accurate within only +0.1%,
whereas the recognized limits for carbon dioxide analysis are +.03%,.
Thus it is essential that all standard gas samples be checked by repeated
analyses using the accurate but slower Scholander or Haldane chemical
analyzers to obtain the working standards needed.

An example of such a calibration problem involving a working
standard follows. Several years ago it was desired to collect some energy
expenditure data under various work conditions. The Franz-Muller
calorimeter was designed for this purpose and there were six available
on campus. This calorimeter, which is supported on the back by shoulder
straps, meters expired respiratory gases and draws off a small gas sample
which is collected in a small rubber bag for subsequent analysis. From
the gasanalysis and volume data, the energy expenditure can be calculated.
The calorimeters needed to be calibrated for the accuracy of their measure-
ment of gas volume before use, to be sure they would do the jobadequately.
This raised a series of interesting questions which will give the reader some
idea of the process of developing a working standard and the calibration
process.

How could such a calibration be done? First a working standard
was needed. In the laboratory there was a small, supposedly accurate,
wet-test meter for measuring gas volumes. If accurate, the wet-test meter
could serve as the working standard, but it had to be calibrated first.
Thus the first step was to figure out how to calibrate the wet-test meter.

It was finally decided to calibrate the wet-test meter by air displace-
ment. Water at room temperature was poured into the jug, which displaced
air, forcing it through the wet-test meter (Figure 3). Repeated pourings
of known quantities of water showed the wet-test meter to be accurate
within +.029%,. The next step was to evacuate and fill Douglas bags at
the same rate of flow. The Douglas bag volumes were then pumped
through the wet-test meter at varying rates to determine the flow rates
at which the wet-test meter performed accurately. The meter recorded
inaccurately above 4 liter/min (Figure 4). Now, knowing the capacity
and accuracy of the wet-test meter, a working standard had been devel-
oped and the calorimeters could be worked on.

To calibrate the calorimeter, gas was pumyed through the wet-test
meter at a constant flow rate of 2} liter/min. The bags of known volume
were then pumped through the Franz-Muller calorimeter and timed until
evacuation was completed to determine the flow rates.

The results were surprising, in that not one of the six calorimeters met
the manufacturer’s calibration at a low rate of 25 liter/min. The closest
one was .89 off the manufacturer’s calibration. The best calorimeter
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Figure 3. Calibration procedure: wet-test meter, accuracy.
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Figure 4. Calibration curve: wet-test meter, rate of flow.

(Figure 5) was accurate up to 80 liter/min utilizing our correction factor,
whereas the capacity of the others was closer to 50 liter/min (2). Since
]: l{‘ C‘Jeak flow rates of over 300 liter/min are obtained in exhaustive work and
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over 100 liter/min in manual labor (6), it was painfully clear that the
available calorimeters cculd not be used.!

Subsequently the rubber gas sample collection bags were checked
for CO, diffusion and were also found to be unsatisfactory. The point
in this discussion, obviously, is that one should carefully calibrate instru-
ments before proceeding in any experiment.
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Figure 5. Calibration curve — best calorimeter.

Precision

The precision of instrument readings is the agreement of the readings
among themselves (p. 83). If the same value of the measured variable
is measured many times and the results agree very closely, the instrument
has a high degree of precision or reproducibility.

. Accuracy and precision have two distinct meanings. Two hand
dynamometers, for example, may have identical precision but give quite
different readings to identical compressive forces. In such a situation the
accuracy of one or both of the dynamometers would be in error. To
resolve this problem the dynamometers must be calibrated against a-
known standard. [t is the responsibility of the investigator to take the
necessary precautions to insure that the hardware is functioning properly
so that no controllable outside phenomena are influencing the accuracy of
the measurements taken.

! This work is over 10 years old and is used only as an example of the need for
calibration. It is not intended to imply that the current Franz-Muller Calorimeters

E l{\l‘c‘:urate.
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Sensitivity

The sensitivity of an instrument is the size of the deflection for a given
change in the measured variable. (Sec p. 83.) Frequently the term is
used to denote the smallest change in the measured quantity to which the
instrument responds, but this is responsiveness. Sensitivity is an important
property of instruments and is determined by design. Thke numeral value
is influenced by the requirements of application.

Significant Figures

The number used in recording the reading of an instrument is determined
by the sensitivity and error of the instrument. In writing a measured value,
certain of the digits have an element of doubt associated with them. The
significant figures are the figures which should be retained as valid. They
are dependent upon the probable error associated with the reading. For
example, in measuring knee extension strength with a strain gauge (which
in this instance is an electronic means of measuring tension), a reading
of 129.82 Ib is recorded. If the probable error of this reading is +.5 Ib,
the reading should be taken as 129 Ib, as these are the significant figures.

Responsiveness

Responsiveness and sensitivity are frequently confused. Responsiveness
is the smallest alteration in the quantity being measured that will produce
a perceptible change in the instrument reading. It may refer to time lag,
as in the Beckman E-2 paramagnetic oxygen analyzer, where 90%
deflection is obtained in 1 minute. Because of low flow values through
the measurement cell (200 cc/min) and the relatively large volume of the
measurement cell, 1 minute is required to obtain a representative gas
mixture in the cell. Differences in responsiveness are also attributable to
inertia, friction, gear lag, or wear in the instrument indicating mechanism.
It is quite possible the responsiveness value may be different at various
points within the range of the instrument. Since responsiveness is so
important, yet can be so easily overlooked, several additional examples
follow.

Recently, a serious error of this nature was observed. It was desired
to test the grip strength of early elementary school children utilizing an
adjustable grip dynamometer. The dynamometcr was calibrated (Figure 1)
but its responsiveness was not tested before including the measure in a
battery given to 600 children. What was not known was that the dynamom-
eter required more than 30 Ib compressive force before it recorded.
Many kindergartners could not be measured at all and the remaining
data were questionable. Thus a great deal of time and effort were wasted.
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Two principles of measurement were violated in this effort. The respon-
siveness should have been determined throughout the range and the
measurement should have been pilot tested on some children in the same
age range as the sample.

Care must be taken not to violate the responsiveness capacity of an
instrument, because it is so easy to do innocently. For example, several
years ago a study of the protective capacities of football helmets to various
blows to the head was initiated (3). The instrumentation first involved
the construction of a wooden head upon which a helmet could be fitted
and within which an accelerometer could be mounted to provide an
output in g’s (gravitational units). Initially, an arm writing recorder was
used to attempt to record the accelerometer output. However, this was
a gross error. The blow to the head takes place in less than .005 sec. This
time is so short that it exceeds the responsive capacity of an arm writing
recorder so that what was recorded was not the recors of the blow at all
but the rebound of the writing arm! In such instances one must use an
oscilloscope, in which the trace can be held on the scope and read, or in
which the fast-moving trace can be photographed. By use of an oscillo-
scope, the response time for recording is measured in millionths of a
second.

Another less extreme example portrays an area of common violation
of instrument responsiveness. Arm writing instruments are commonly
used in human electrocardiography. Thus, it is often reasoned that this
same instrumentation is also adequate for small animal electrocardio-
graphy. The phenomenon is the same and the order of amplification is
similar. However, in animals which are smaller than man, the various
waves of the electrocardiogram (P wave, R wave, T wave, etc.) have
durations which are very short compared with the same waves in man.
These waves may be recorded inaccurately by an arm writing recorder
because the writing arm cannot move rapidly enough. Thus, these
instruments are often useless for anything other than determination of
heart rate. Figure 6 shows comparative ECG waves of the rat as recorded
by an arm writing recorder and as photographed from an oscilloscope.
Note that the greatest defiections are affected the most, with a consistent
pattern of reducing these deflections (R and S waves, in particular).

N UL N

Rat ECG

&

Figure 6. Oscilloscope —arm writer.
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Rangeability

The span hetween the lowest and highest units which can be measured with
acceptable accuracy is the range of an instrument (p. 84). The usable
range is fixed by both design and condition of the instrument. The range
may not be the same for different experiments, as it is dependent upon
the amount of error that can be tolerated. Obviously, range may be
greater in instances where greater error can be tolerated.

The upper limit of the range reflects the capacity of the instrument.
For example, in Figure 5 the Franz-Muller calorimeter accurately records
volumes from R-80 liter/min, which is that insttument’s effective range.
To exceed this effective rar:ge, under any conditions, would yield erro-
neous results.

ELECTRICAL HARDWARE

This section covers measurement of bio-electrical potentials produced by
living organisms, circuits uiilized to measure extrinsic phenomena,
recording procedures, and computer applications. E:umples of some of
the more common indirect measurements of phenomena are presented.
In this section no pretense of sophisticated coverage is intended. It is
presented for the naive reader’s understanding and orientation to this
type of instrumentation.

Bio-electrical Potentials

Electromyoagraphy

Nerve and muscle fibers, the primary excitable cells of the body, are
capable of transmitting electrochemical impulses along their membranes.
In the resting fiber an excess of positive ions is prcsent on one side of the
cell membrane wkhile an excess of negative ions is present on the other
side, resulting in a membrane potential. When the fiber is stimulated the
membrane potcatial undergoes a sequence of changes called the action
potential, which causes electrical currents to flow momentarily along the
inner and outer surfaces of the fiber membrane. The magnitude of the
change is roughly froma resting potential of +80mV (I millivolt = 1/1000
volt) to —50mV at the fiber site. It is possible to record such changes,
but often it is impossible or inconvenient to reach the site. With electrodes
some distan~e away, attenuation of the signal occurs, so that at the
recording s:.¢ it may amount to only 20 uV (1 microvolt = 1/1,000,000
volt) or less. .

It is obvious that amplification of such a small electric potential is
required. This :uagnitude of potential is observed in electromyographic
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(EMG) determinations, often studied in physical education, as well as
in electroencephalographic (EEG) measures. Discussion here will be
limited to EMG. For careful study it is essential that the amplification
and recording equipment magnify the small voltages without distortion
and place a negligible load on the biological system. The amplification
can be accomplished simply (usually by triode or pentode tubes) but at
such a high order of amplification all kinds of noise or interference is
picked up. The most common source of noise is AC interference from
electrostatic induction from the laboratory electrical supply. This may
be eliminated by placing a grounded copper screen around the subject.
In most instances, however, the newer amplifier-recorders are constructed
to eliminate this common source of interference. Since AC interference
in this country is a consistent 60 cycle/sec, electronically this is not a
difficult problem. Only in difficult environmental situations should
screening be necessary. '

The magnitude of the deflection can be determined by recording a
known input. In most instances amplifier-recorders have internal cali-
brating devices. Although these tend to hold constant, they should be
checked periodically for accuracy.

The recording schicina may be bipolar or micniopolar. In monopolar,
a single electrode is used with a distant indifferent electrode. The active
electrode might bc on the forearm with the indifferent electrode on the
forehead. T"e current density is progressively reduced as one gets further
from the aciive elecirode. The monopolar arrangement has been used
with success in the evaluation of relaxation training programs. For this
purpose active electrodes have been placed on both legs and both arms
and the indifferent on the forehead. The output from the four active
clectrodes is then integrated (averaged in this case) to give an overall
rating for the individual (90 nV, for example).

The bipolar arrangement samples a local field between and im-
mediately around the electrodes. Bipolar techniques are useful for
recording gross responses such as the activity of a single muscle, or with
microelectrodes where the desired activity site is particulariy small
(Figure 7).

Various electradcs arc used in electromyographic study. Surface
electrodes (silver platinum coated or stainless steel) are used almost
exclusively with monopolar applications and with some bipolar applica-
tions where gross activity is under study. The ctzinless steel subdermal
electrodes are used primarily in bipolar applications where gross muscle
activity is under study. If placed over a superficial muscie, the amplified
output will show when that muscle is active. Hubbard (1) used such
electrodes in his classic work on motion by recording the amplified output
from antagonistic ruscles during movement of the arm. Siudying various

Q
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rates of movement, he was able to determine exactly when the muscles
under study were working. The subdermal electrodes cannot move
around (therefore less electrode noise is present), but they have the
disadvantage in that the skin must be penetrated. Thus the electrode must
be both sharp and sterile, and sterile procedures must be foliowed to
prevent infection.

Bipolar Monopolar
@® oisto
Indifterent
Electroae

Active Electrodo

Figure 7.

The concentric needle electrode designed by Adrian and Bronk was
used by Seyffarth (4) in his research on motor unit activity. Since each
motor unit has an identifiable firing pattern, Seyffarth was able to work
out patterns ¢f motor unit activity for different types of movemenis.
The disadvantage of the deep concentric needle electrode is that there is
some tissue destruction and pain with its use. The electrode consists of
ain 0.8 mm stainless steel hypodermic needle with a central stainless steel
wire which has been varnished for insulation and cemented into the lumen
with the tip exposed. Thus the needle and the tip of the wire in the lumen
provide the two poles of the electrodes (Figure 8).

Deep Connecting

Surface Electrodes " ' Subdermal Needle Electrode

Electrode

—y
e //

Electrode Jelly &

SKIN
FASCIA

- — MUSCLE
—— - —

—_—

Figure 8. Various types of electrodes for EMG.
O
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Electrocardiography

The heart muscle is not innervated in the same way voluntary muscle is.
It consists of two syncytiums, the atrial and ventricular, with a bundle of
Purkinje fibers, called the A-V bundle (bundle of His). which pass through
the atrial and ventricular muscle to provide a single conducting pathway
between the two syncytial masses. Prior to each contraction of the heart,
an electrical impulse initiated in the sino-atrial (S-A) node travels through
atria and via the A-V node through the ventricular muscle. As the im-
pulses pass through the heart, electrical currents spread throughout the
body. Electrodes placed upon ine body permit recording of these electrical
potentials generated by the heart. The potentials are of the magnitude of
1-2 mV or larger even in the extremities; thus the amplification required
is much less than with the the EMG.

Multiple combinations of lead placements can be used for recording
the electrocardiograms (ECG). Currently, 12 leads are most commonly
used for diagnosing heart damage. The general idea is that the damage
disrupts the potential, resulting in altered configurations of the recording
which are identifiable. The clectrocardiogram taken for diagnostic
purposes is most often taken at rest but may be taken under exercisc
conditions. Thisarea of research is too highly specialized to be apgroached
here. However, the exercise electrocardiogram provides a simple and
inexpensive means of obtaining exercise pulse rates, frequently utilized in
physical education research. :

If electrodes are placed on the body on opposite sides of the heart
the electric potential generated by the heart can be recorded. The closer
to the heart the electrodes are placed, the greater the signal will be. Since
the electrodes are led off from the body surfacc, potentials from skeletal
muscles will be picked up also. In general, for pulse rate measurement
this is not disturbing, as the magnitude of the heart signal ismuch greater.
If it is desired to record the ECG free from interference by muscle poten-
tials, this can be accomplished by the use of a filter which will separate
out the muscle potentials on the basis of frequency. (EMG is 50 cycles/sec
and up, wherceas the ECG frequency is beiow 20 cycles/sec). Since most
commercial ECGs #re now filter equipped, obtaining an ECG for pulse
ratc purposes is a relatively simple procedure.

The electrodes shown in Figure 9 are all effective for picking up the
signal. The electrode placement shown in Figure 10 with a ground
electrode placed on the back approximately 4 cm to the left of the spinal
column and about 10 cm above an imaginary line across the crests of
ilium works quite well; other placements are also effective. It is especially
important that the electrodes are firmly attached to the skin so that no
movement occurs and that the lead wires are in good condition. Electrode
movement or small breaks in the lead wires wiil result in interference
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which may completely mask the signal. It is important before attempting
any recording to have the subject move around, possibly jumping up
and down several times, as loose electrodes, frayed lead wires, or other
loose connections may not be evident at rest. Figure 11 shows the ECG
heart rate recording.

Figure 9. Various electrodes for ECG.

Figure 10. Electrode placement for exercise ECG.

Electrodes

Amplifier EEm—— Recorder
(Two or more channals)

u

Electrocardiotachometer

Figure 11. Heart rate recording of the ECG.
O
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In addition to recording the actual electrocardiogram from which the
pulse rate is counted, electrocardiotachometers (ECT) are available which
count the pulse rate, giving either a numerical value visually or an output
which can be recorded. Some of the instruments sum several preceding
seconds, whereas others give the beat-to-beat rate. By and large the latter
are more dependable. The instruments are adjusted to count the single
largest deflection (usually the R or S wave). If the electrocardiotachometer
is to be used for research purposes it is recommended that the usual
electrocardiogram be recorded and the ECT output be recorded on
another recorder channel, preferably one in which large deflections are
possible (15-20 cm) to permit accurate reading of the rate. If both are
collected, unexplained deviations in the ECT tracing can be reviewed in
the ECG. Since the possibility of interference is ever-present, having the
ECG tracing usually permits unexplained deviations in the ECT record
to be resolved.

- Measuring Circuits

A brief review of electrical theory and practice is in order before presenting
the more common measuring circuits and their application. The discussion
is restricted to direct current (dc) circuits which are most commonly
found in laboratory hardware. Some standard symbols are presented in
Figure 12 for review.

— ——‘\.—— [
+ I Single Pole,
Single Throw,
;-[ Switch
I Ground
Multi-Cell Fixed Variabie Wires Connected
Battery Resistors
G - Golvanometer
l E - Volts
I - Amperes
I R - Resistance in Ohms ()
Fixed Variadle Air Core tran Core
Copacitors {nductors

Figure 12. Standard graphic symbols.

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

130 RESEARCH METHODS

Current (/, amperes) in terms of electromotive force £ (volts) and
E

resistance R (ohms) can be expresséd, / = ER = 'gl::ﬂor E=1x R

This is Ohm's Law, which is basic to all circuitry. When the switch of a
simple circuit such as that shown in Figure 13 is closed, the current
assumes a steady-state value. If the emf, E, is doubled and trebled the
current, /, is doubled and trebled.

Switch Resistor R
o e AN p—
- 1
—-— E
+ T
—>

Current Flow I
(with switch closed)

Figure 13. Simple electric circuit.

An electric circuit seems to be best understood using analogies from
simple hydraulic systems. For example, it is well known that water
pressure in a standpipe is determined by multiplying the weight of water
per cubic foot times the height of the standpipe. This difference in pressure
between the top and bottom of the standpipe is analogous to the electric
pressure, or electromotive force, measured in volts present in a battery.
The flow through the water pipes which can be measured in gal/sec is
analogous to current, /, which represents the flow of electrons. One
ampere is defined as | coulomb/sec, which is a flow of 6.24 x 10'®
clectrons/sec. The narrowing of the inside diameter of a water pipe would
resist the flow. This narrowing is analogous to the resistance R in an
E(volts)
I(umps)'
This value is constant and is a specific property of the circuit. Materials
vary widely in specific resistance and are often selected for use in circuits
because of their resistance characteristics. Copper has a low specific
resistance, thus is used for wire. Nichrome has a very high specific resis-
tance, thus is used in heating elements.

electric circuit, which is measured in ohms. Thus, R(ohms) =
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Inductance and capacitance are confusing terms. Current flow in one
loop of a coil induces a reverse current (and back emf) in the adjacent
loops. These reverse currents resist the original current flow and also
changes in current flow. Inductances are normally used in electronic
circuitry to smooth current (and voltage) variations by resisting current
variations. But proximity of circuit components may produce unwonted
inductance. Capacitance refers to components, not actually condensers,
behaving like condensers. An electrostatic potential on one plate of a
condenser induces a reverse potential on an adjacent, but not connected,
plate. No current flows between the plates unless excessive voltage
produces an arc. Condenser coupling in amplifiers permits transferring
voltage changes in one stage to the next. This is useful condenser behavior.
Unwonted inductance and capacitance can (or must) be eliminated by
isolation or electrostatic shielding.

A galvanometer is an instrument for indicating or measuring a small
electric current. It is capable of measuring current flows in either direction
and in most instances is quite sensitive. The galvanometer is discussed in
more detail in the section on recorders.

Wheatstone Bridge

The Wheatstone bridge is a type of resistance network commonly used
in instrument practice for determining resistance changes in one arm of
the bridge which can be recorded. The arm of the bridge of interest is
connected to a transducer, an electromechanical device which converts
a physical quantity being measured, such as tension, pressure, or tempera-
ture, to a proportional electrical output. In the Wheatstone bridge the
transducer is essentially a variable resistor in which the resistance is altered
in direct relationship to the change in the physical quantity. Many
versions of the Wheatstone bridge are used. A typical one is shown in
Figure 14.

The battery supplies a current to two paths, each having two resistors
in series. A galvanometer is connected between C and D to indicate
current flow. With R, and R, fixed resistors and R,, the transducer
(variable resistor) in use, the bridge would be balanced so that the gal-
vanometer would read zero deflection by adjustment of variable resistor
R;. This would be the null position. In practice, as the conductivity of
R, (the transducer) is altered by the physical quantity, the current flow
pattern would be altered, which would produce a galvanometer deflection.
The galvanometer deflection could be observed visually or if connected
to a writing arm could be recorded. If an appropriate calibration has been
made between galvanometer deflections and the physical quantity, the
measured deflection could be converted to the physical quantity.

Q
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Transducer

Figure 14. Typical Wheatstone bridge circuit.

The Potentiometer Circuit

The potentiometer is one of the basic' laboratory instruments which
serves primarily to compare em/s (volts) between a known output and one
which is being determined. By appropriate calibration of the difference in
emf with standard values for physical quantity being measured, differences
in emf may be converted to the physical values.

The principle is shown in Figure 15. 4B is a long, uniform, calibrated
resistance wire with a slide at C. The voltage produced by the thermo-
couple is balanced against the voltage produced by the battery. The slide
wire is moved until the galvanometer reads zero, i.e., the circuit is in
the null balance position. The position of the slide is a measure of the
emf produced by the thermocouple, thus a measure of temperature
utilizing the calibrated temperature scale.
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More sophisticated null-balance, automatic, and recording potentio-
meters are utilized but ail function on the same basic principle. The
potentiometer is the appropriate instrument to use where the sensor or
transducer produces an emf'in response to some physical change. Thermo-

E
+J1_

Calibrated Temperature Scale T

(T T 7]

i

G - Galvanameter
TC - Thermocouple

Simple Fotentiometer

R - Rheostat

L Y

Twa - woy
Switch

)

Some Potential
Difference to be
Measured

Figure 15. Basic potentiometer circuit.
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couples? used in temperature measurement and piezo-electricd com-
ponents used in some pressure and accelerometer units are examples.

Transducers

Transducers convert physical quantities into related electrical values. The
function of a transducer in a measurement system is shown in Figure 16.

Physical Quantity to be Measured

Input signal

Transducer

Electrical output signal
as a function of input signal

Modification of Signal
(Bridge, Potentiometer, Amplifier)

Measurement of Signal
(Visual, Auditory, Recording, etc.)

Figure 16. Function of transducer in measurement system.

2 The thermocouple is based on the Siebeck effect, i.e., if a closed circuit is formed
by two metals and the two junctions of the metals are at different temperatures, an
electric current will flow around the circuit. Thus when used on man the junction is
the sensor and the cold junction is placed in ice water at 0°C.

3 The piezo-electric component usually consists of specially cut quartz crystal placed
between two metal plates. With pressure on the plates an emf is set up and with a
potentiometer the emf which reflects pressure may be measured. This property of
the crystal is called the piezo-electric effect.
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Basically any device which converts one form of ¢nergy into another is a
transducer. Examples include thermistors which reflect temperature by
altered resistance; thermocouples, which transform heat energy into an
equivalent electrical potential; photocells, which convert light energy into
electric current; strain gauges, which convert tension or stress into
electrical energy; piezo-electric components, which convert force or
pressure into electrical current; thermal conductivity cells in which the
resistance is altered in relation to the surrounding gas medium; accelero-
meters in which rate of acceleration alters resistance or generates a
current; and a multitude of others,

Laboratory hardware is required to measure many different physical
characteristics and phentomena. Without transducer development, which
is ongoing, the giant strides made in hardware would have been impossible.
Transducers have become convenient, relatively cconomical, and highly
efficient. Although it is impractical to attempt to cover the theoretical
basis of the multitude of transducers available, the young investigator
should be forewarned to study carefully the theoretical base, applications,
limitations, and calibration of the transducer which is to be used in data
coliection. One cannot be too careful in this regard.

Recording Techuiques

Electrical inputs for ECG, EMG, or transducer recording are ampli-
fied appropriately and fed to galvanometers. The galvanometer (Figure 17)
consists of a narrow coil wrapped parallel to the axis of a cylindrical soft-
iron core on a shaft between the poles of a permanent magnet. Having the
faces of the magnet concentric with the core surface keeps the effect of the
permanent magnetic field constant as the coil-core turns so the angular
displacement is linear. A variable current in the coil produces a pro-
portional magnetic field in the core. Attraction of opposite poles in the
variable core and permanent magnetic fields produce a variable torque
against spring resistance. The snring restores the coil-core to a neutral or
zero position when current flow ceases. A mirror on the shaft reflecting
light from a fixed source permits observing amplified movement of the
coil-core on a graduated scaje or photographic recording. A pointer on
the shaft also permits observing coil-core rotation. Substituting a capillary
tube filled with ink from a reservoir permits writing on moving paper. A
hot wire pointer writes on heat-sensitive paper. A current-carrying pointer
writes on electrosensitive paper. Thc mass of the coil-core pointer intro-
duces inertial lag and overshoot that distort quick changes in the input.
High quality galvanometers record sine waves accurately up to about
100-120 Hz. They are adequate if the exact wave form is not a critical
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factor. High speed transients require more complex and expensive oscil-
lographic recording. Thc clectron beam of a cathode-ray oscillograph has
zero mass and is free of inertial distortion.

I — Writing Arm or Pointer

Light
Source
N} — Permanent
R

Moving Coil
{soft-iron -
cylinder coil) St

N\
M

- $

—
Coil LMaqneﬁc
Field

Figure 17. Galvanometers used in recorders.

In most commercial recorders the speed with which the recording
paper passes under the pcn arm is adjustable. Care must be taken to be
certain the paper speed is accurate and consistent. If the paper speed is
critical (as in all rate measures) i: is a good idea to make all records with
the recorder’s timing unit ‘‘on,” so that a mark is placed on the record
every 1 or 2 sec to permit a periodic check of paper speed.

All arm writing recorders have frequency limitations beyond which
the configuration of the response curve is altered. The limitation is
primarily due to inertia of the writing arm; thus it is related to both the
mass and length of that arm. Within the acceptable frequency range of
a 1ecordcy, inertia is compensated for by damping. Without damping,
tor example, an upward deflection would “ovcrshoot.” By careful design
the damping force is pronartional to the angular velocity of the moving
system, resuiting in a true wave configuration.

If the frequency limitations of a recorder are knowingly being
exceeded, the amplifier output should be introduced into an oscilloscope.
The oscilloscope face can then be photographed and measured. Polaroid
camera attachments are especially handy for this purpose as the picture
is available almost immediately. If a question exists as to either the
damping qualities of the recorder in use or the possibility of exceeding the
frequency limitations, simultaneous recerding, using both an oscilloscope
and the recorder, will periiit comparative wave measurements of the
same signal. :
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Recording may also be accomplished using magnetic tape. Magnetic
tape recorders are inertia free, tapes may be easily stored, and they have
the added advantage that they are readily used as input for an analog
computer programmed to perform calculations on the data. Disadvan-
tages of the tape recorders are that currently the expense is prohibitive
and there is usually no visual readout of the data.

Practically all of the amplifier-recorders purchased today from
reputable suppliers are equipped with a range of amplification which
enables the investigator to enlarge small signals and reduce large ones.
In most instances, within inis range the response is linear, i.e., if at an
X — | setting a deflection of 5 mm was observed, at an X - 5 setting the
deflection should be 25 mm. In working with a recorder it is a good idea
to check this, as there may be some hysteresis. In some instances it is
necessary to calibrate at one range setting and to record at another.
However, crror is usually less by calibrating at the range setting being
used, if thi.?_s is possible.

]

Telemetry

The procedures discussed up to this point have utilized direct connections
from the electrodes to the recorder. There are numerous instances where
information is desired and direct connections are impossible. The heart
rate during an athietic contest is such an example. Through the use of
telemetry it is possible to collect such data (Figure 18). Utilizing minia-
turized, lightweight, ‘battery-operated amplifiers and radio transmitters,
the bio-electric potential is picked up by the usual electrodes (or other
sensing equipment), aniplified, and transmitted. Utilizing a receiver and
compatible recorder, the potentials may be continuously recorded.
Telemetry development received much of its impetus from the space
program. The development of transistors (with low current needs) made
miniaturization of circuits possible.

A. Direct Connections

@— Amplifier Recorder

B. Telemetry

G —— Amptitier L Transmitter T~ | Receiver Recorder

@ — Sensor (Transducer or electrodes)

Fiaur? 18. Schema of recording procedure.
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Telemetry of the pulse rate is common, with nuinerous commercial
units available for purchase. Texts presenting appropriate teleme‘ry
circuits and applications are available.

Telemetry, as a research tool, appears to have almost unlimited
applications where direct connection data collections are either impossible
or unwise. Multichannel transmiiiing and recording is possible. Trans-
mitters which can be implanted in animals for monitoring multiple
physiological phenomena currently exist. There is little question but that
this technique will receive a great deal of attention in physical education
research when more investigators become sophisticated in ils use. Tele-
metry, except for the use of commercial units, is not for the naive investiga-
tor, but it does involve unique skills that could serve in good stead a
young investigator who wishes to make research a career.

{.umputers

Modern computers fail into two categories: analogand digital. The analog
computer processes analog signals. These are continuous electrical signals
which may vary in size. The computer is interested in how large or small
the signal is. The digital signal, by contrast, has a discrete, discontinuous
numerical value. The digital computer is interested only in the presence
or absence of a signal, not its value.

Analog and digital computers have advantages in different applica-
tions. The analog computers are used where there is the continuous-
variable electrical signal to solve problems which involve large numbers
of repetitive calculations. It is best used for problems which can be
reduced to a mathematical equation and which require fast solutions of
limited accuracy. A digital computer is used when high accuracy, memory,
decision making, and control capabilities are required. Most computers
that students come in contact with are digital.

In some instances analog and digital computers are combined to
utilize the advantages of both. An analog computer, for example, might
receive a variable electrical signal from a recorder, make standard
calculations of the data, and provide the output in an clectrical signal.
This signal might be converted to digital form, further calculating
completed by the digital computer, and the output provided in digital
form. Computers of this type are hybrid, in that they utilize both the
analog and digital procedures. Today there are mutiple applications of
hybrid computers.

Digital computers can sltore vast quantities of data and retrieve
portions on demand. Information retrieval in which article titles and/or
abstracts of articles are stored for retrieval on demand is an example of
this function. Such procedures are coming into vogue because of the vast
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quantity of research literature and the fact that it is becoming increasingly
difficult for man to locate what he needs. The computer is a useful tool
for such purposes. Digital computers also can solve intricate scientific
equations and long series of mathematical calculations at extremely high
speed. The complex operations are accomplished by breaking them down
into a few simple operations which are repeated many times. Most digital
computers use a binary system.

The most common use of the digital computer that students become
acquainted with is in performing statistical calculations. The elements of
the computer complex are shown in Figure 19. Two warnings on the use
of the digital computer for statistical calculations are in order:

1. Remember the statistical results are no better than the basic data.
There is nothing magic about the computer which enables it to make sense
from nonsense.

2. Be extremely careful about statistical assumptions. For example,
it is easy to obtain a correlation matrix but are you sure your daia are
linear? Further complex statistical analyses of a correlation matrix
based on nonlinear data would yield confusing results. Certainly the
digital computer has been misused in this regard. It is not a “black box”
which can correct all of our errors.

— Input Memsry |8  Output —
| =
Control Q————J B Arithmetic

Figure 19. Elements of digital computer.

The analog computers have not, as yet, been used much in physical
education research. They are so versatile, however, that it is just a matter
of time before they will be widely used. They can be used to perform
intricate, routine calculaticns “on line” from a recording system, which
saves hours of valuable technician time. They can also be used to simulate
biological systems, which enables the investigator to c%tain some idea
of the type of response he might obtain before proceeding on some highly
sophisticated, expensive biological experiment. The analog computer
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family consists of all those devices in which measurable physical quantities
(which may be converted to a variable electrical signal) are made to obey
mathematical relationships comparable with those existing in a particular
problem. The computer is simply an electronic model of the physical
system. It consists of the basic building blocks which can be interconnected
so that they are governed by the same set of equations as those describing
the system. How the components are set up is dependent upon the
particular problem of interest. Components are capable of summation,
integration, multiplication, and numerous servo operations. The solutions
to problems solved on an analog computer appear as voltage variations
in the output of various operational amplifiers throughout the computer.
The output devices used to record are essentially recording voltmeters.
The most common recorder used is the direct writing magnetic recorder.

An example of analog computer application is the calculation of
energy expenditure during work. To calculate the oxygen consumption,
the oxygen and carbon dioxide concentrations of the expired gas, the
volume of expired gas, the gas temperature, and the barometric pressure
must be known.* All of these can be measured directly “on line” as the
individual is working. With the output of these analyzers fed into a
properly programmed analog computer, an output reflecting breath-by-
breath oxygen consumption is possible.

For simulation of biological systems usually that which is known and
can be reduced to mathematical formulae is utilized to determine how
alterations of these known parameters might affect another parameter
for which more information is desired. For example, a model of the electri-
cal conductivity of the heart might be constructed on the computer which
would yield a normal clectrocardiographic configuration. By varying the
parameters until the S-T segment depression thought to be associated
with cardiac ischemia is altered, ideas and further insight into cardiac
dynamics might be obtained.

The new graduate student may feel that computer use is above him.
However computers are realities which are going to be used increasingly.
In our complex culture they have become necessities for man to keep pace.

»

SUMMARY

It should be clear that a measuremcnt whose accuracy is unknown has no
use whatever. The science of measurement is concerned with errors and
their effects on the end results as much as with the measurements them-
selves. Instrument and applicational errors represent important sources

* Since barometric pressure is not highly variable in a short period of time, it
would not need to be continuously monitored.
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of error, but design, subject, experimenter, and environmental biases
discussed elsewhere in this text are equally important to the conduct of
careful research.

The investigator assumes the responsibility to study systematically
the capabilities of the instruments before undertaking any research investiga-
tion utilizing hardware. Calibration for accuracy and precision and a
clear understanding of the sensitivity, responsivencss, and cffective
range ultimately saves time. Such care prior to undertaking an experi-
ment is more satisfying, in that the investigator has greater insight and
confidence in his data.
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IT1s EVIDENT THAT before an investigator can effectively plan the collection
of data, he must have a clear understanding of the problem to be studied
and the research design to be employed. This applies to the established
investigator undertaking an extensive study as well as to the neophyte
considering a possible project to serve as a master’s thesis or a doctoral
dissertation. The hypothesis to be tested must be clearly defined before
details of data collection receive the investigator’s attention. The selec-
tion and design of the investigation are discussed in other sections of
this text (Chapters 3 and 4), therefore they will not be treated in detail
here.

Problem Population and Data Population

Sampling methods are described later in this chapter, but the importance
of delineating the population to which research results are to be general-
ized will be introduced at this time. The concept of a problem population
and data population has been set forth using a variety of labels. Very
briefly, the problem population 1efers to the population (i.e., the collection
of human beings, animals, or inanimate objects) to which the results are
ultimately to apply. When a research problem is stated in a formal way,
the problem population, or the population for which the answer is
sought, is generally specified or implied. For example, if one sets out
to assess the physical fitness of schoolchildren in the United States (a
status study, see pp. 272-273), the problem population becomes all chil-
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dren in regular and special schools, both public and private. It includes
children of both sexes and all grade levels. If the research objective is
to determine the physical fitness of boys in the seventh grade attending
public schiools in Michigan, the problem population is, of course, more
limited. The applicability of results will be correspondingly limited. The
data population, on the other hand, is the population of subjccts providing
the data for analysis and study.

Ideally, the data population should be the same as, or a representa-
tive sample of, the problem population. Although this aphoristic state-
ment would hardly precipitate an argument, the concept is often violated
in obvious or subtle ways—sometimes when it is crucial that the data
population be representative of the problem population. It should be
recognized at the onset, however, that violations of this concept are not
equally serious in all research methods and designs. For example, if one
wished to determine the muscular strength of male college fresiimen in the
United States, the investigator would hardly be justified ir studying male
freshmen at one university, since it is highly likely that rauscuiar strength
in male freshmen at one university is different, on the average, from that
of the male freshmen at another university. On the other hand, if one
wished to investigate the relationship between body weight and muscular
strength in male college freshmen, testing male freshmen in only one
school is likely to reflect the relationship between these two variables as
it exists in other male college freshmen. Even in this instance, it would
be better for the data population to be the same as, or a representative
sample of, all male college freshmen. If the determination of status
(surveys of various kinds) is the primary focus, discrepancies between
the problem and data populations are most serious. When relationships
are of primary concern, discrepancies are less important. In experimental
studies (effect of diet, effect of conditioning, etc.), the consequences of
disparity between the data and problem populations are least serious.
As an example, the effects of many regimens, first demonstrated in lower
animals, were later shown to hold for human beings.

Therefore, before data are collected, the concept of a problem pop-
ulation and of a data population should be clearly understood. Further-
more, the consequences of discrepancies in these populations should be
evaluated at the onset.

Plans for Statistical Analysis

It is typical of human nature when ‘enthusiasm is running high and a
problem is clearly defined to want to proceed with data collection and
to worry about the analysis later. Some decisions about data analysis, of
necessity, must be postponed. Nevertheless, it behooves the investigator
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to turn his attention to some questions about data analysis before collect-
ing any data. Examples of such questions include the following:

1. Are only qualitative observations to be made, or can scores be
quantified in some way?

2. Is it possible to arrive at reasonable estimates of the number of
subjects required?

3. What assumptions are involved in the statistical techniques to be
employed, and can data collection be designed to satisfy these assump-
tions?

4. Can the precision or the validity of the measurements be studied
as the data are being collected?

5. How can quality control be studied and maintained during data
collection?

6. Can data recording forms be designed or obtained to facilitate
machine analysis of data?

SAMPLING

Ignorance or negligence in correct sampling procedures is probably re-
sponsible, more than any other single factor, for drawing incorrect
conclusions in research. Space will permit only a brief treatment here.
Additional references, which provide a more thorough coverage of the
topic, are listed at the end of this chapter, p. 178.

Sampling Theory

An understanding of the concept of sampling and probability theory is
indispensable in research. The notion of a “‘problem™ population was
mentioned. In sampling, this is referred to as the “‘universe” or the
**population.” This does not necessarily mean the number of individuals
living in a particular place—for example, the population of Hawaii—but
all of the elements (human beings, animals, or inanimate objects) which
make up the entire group to which the results are to be generalized.
Normally, we do not test or measure all elements in this universe. One
can define a small universe so that all elements in it can be studied, but
the application then becomes so limited as to render the research in-
significant. Thus, we must work with a sample of the universe or popu-
lation. Furthermore, even if one could examine or measure each element
in the universe, the application of results would take place at some future
time when the universe itself had changed. Hence, the data population is
still a sample in this instance. To illustrate: one might be able to test
O
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every fourth grade boy in Minneapolis, but by the time the data were
collected and analyzed, some of these children would have moved out of,
and others into, the city. Therefore, for reasons other than economic
ones, investigators work with samples which they hope are representative
of a total universe or problem population.

Methods of Sampling

The selection of a problem and research design are discussed elsewhere
in this text (Chapter 2, pp. 32-34 and Chapters 3 and 4). These earlier
chapters have included such matters as sex of the subjects, which species
of animals will be used, whether the subjects will act as their own control,
etc. However, once the problem population (universe) has been identified,
the question then arises as to how a sample will be selected. Naturally, a
sample which is representative of the universe is desired. Although there
is no way of knowing with certainty if a sample is representative without
studying all of the elements in the entire universe, there are sampling meth-
ods which, while not insuring representation, nevertheless increase the
likelihood of obtaining it. Also, mathematicians have provided methods
that allow us to estimate this likelihood. These methods are related to
probability theory, which, in its early "istory, developed out of the in-
terest of such people as Chevalier de Me.e in calculating gambling odds.

fandom Sample

Although it is easy to define a random sample, obtaining one is frequently
difficult. A random sample is one in which each element in the universe
has an equal opportunity of being selected. Consider a box of black and
white marbles, thoroughly mixed. If, then, without looking into the box,
one draws out the first marble he touches and repeats this process, a
random sample will result. On the other hand, if one were sampling
from a bushel of apples of various sizes, repeating this procedure would
not produce a random sample. The larger apples would have a better
chance of being selected. Similarly, a random sample of a university’s
students would not be obtained by selecting every tenth student leaving
the Student Union Building, since some students frequent this building
more than others. A random sample of 10th grade girls in a high school
would be unlikely to result if every 20th girl in the physical education
classes were selected. Some girls may not be enrolled in physical educa-
tion and, furthermore, they may be quite different in sports skill, physical
fitness, etc., from those who are. The investigator must ask himself,
“Does every element in the universe havc an equal opportunity of being
drawn into the sample?”” Careful thinking at this point is time well spent.
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In practice, there are several common ways of carrying out the
sampling procedure. We could assign a name or number to each of the
elements, type the names or numbers on uniform pieces of paper, mix
the slips thoroughly in a box, and draw a sample as described above in
the example with marbles. This could readily be done if, for example,
we wished to divide at random 80 animals into four groups of 20 each.
We could also roll a die or toss a coin to decide in which group a particu-
lar animal is to be placed. But generally it is easier to use a set of random
digits. An abbreviated sample of such digits is shown in Table 1. This

TasLE 1. Table of Random Digits

" ?f NE 24 52 95 01 65 30 OC 10 B4 92 93 22 20 56 57 72 S7 99 25 70 €9 43 9g 43
NG 09 38 25 04 £5 17 20 75 07 69 €3 96 10 37 31 44 €6 12 39 B85 54 52 02 B2 33
Q5 D3 87 €5 81 03 B5 59 1€ 03 62 88 19 19 63 32 93 p5 72 94 52 79 12 €3 91 30
61 94 07 43 67 25 6F 92 74 77 97 32 69 76 59 25 79 15 44 55 02 3B 73 19 9¢ €2
56 81 76 C5 32 62 €3 99 94 05 05 BS5 17 10 73 59 €2 22 60 68 44 93 55 92 48 59
ge 72 78 41 95 03 67 30 €5 95 44 5C C4 29 GB 65 €7 45 27 81 33 1€ 96 58 C9 52
S4 75 2€ 7€ 31 52 4C 70 99 71 63 18 52 50 ©9 02 24 57 12 C3 G2 10 S4 75 26 O€
38 Ga 08 93 95 38 045 71 72 PC 30 74 21 0B 10 91 B85 70 9C 68 03 75 10 8€ 10 78
D7 B0 46 11 91 5B 89 94 97 29 12 25 05 73 71 32 03 11 66 37 44 29 42 75 75 76
88 &7 581 24 19 33 41 C9 8F 10 94 70 74 99 39 58 &4 53 7Q 09 €2 50 56 67 &1
15 97 57 Of 7% 56 &% €5 97 29 19 47 17 22 81 21 35 B1 94 46 23 41 39 54 26 78
54 79 RA B1 42 21 91 3R 47 51 3£ 25 79 78 24 43 12 59 38 22 8D D4 56 74 65 €€
7% 8% € 33 52 21 A9 44 9C 49 26 74 40 B3 £7 37 14 74 €6 61 70 22 58 €& 18 53
90 13 21 22 1€ 0N 98 72 65 B1 5R 01 73 &7 19 3A DE £5 54 55 11 24 37 30 pe 11
71 94 5% 21 12 81 23 78 4f 98 C3 40 97 49 61 26 54 35 65 65 37 D5 B2 24 82 15
57 58 &0 36 59 97 02 01 71 64 37 67 D3 17 93 92 15 20 68 65 27 44 28 04 B0 37
79 79 71 49 24 15 99 €9 00 36 20 23 01 29 94 54 29 66 26 29 66 69 26 29 88 91
47 98 26 41 €3 DB 11 69 04 76 3A 51 BB 05 66 44 54 92 10 B89 39 17 60 78 97 M
D5 64 93 4D 12 20 75 35 34 63 96 36 93 A3 64 14 19 36 54 78 91 51 63 94 01 M
OC 84 17 34 A1 1C 4D A7 £0 9B 94 26 10 54 S9 pS 66 26 27 72 65 43 4% 18 93 76
18 65 50 05 76 03 A2 95 54 20 92 77 57 54 38 45 D01 73 64 62 D5 58 11 51 22 2C
€0 60 76 75 12 92 87 53 75 1¢ 93 06 DB 57 15 31 56 44 15 33 46 44 15 33 46 55
17 67 54 91 B2 94 56 46 43 98 77 3D 34 B9 98 64 61 2B 27 25 69 28 71 14 C7 1€
74 13 15 78 81 02 9B 91 18 C6 86 15 37 27 Y€ 71 62 44 42 B9 89 70 38 37 6€ 92
32 93 57 33 80 92 07 48 75 39 95 93 B1 D4 03 75 56 18 67 25 28 08 71 75 D1 C4

table can be used as follows. The 80 animals should be numbered con-
secutively. Then a system of reading numbers should be selected: for
example, to read from right to left and when one reaches the left, start
again at the right on the next lower line. Then, without looking at the
table, we select a starting point with a pencil. Suppose we picked **07,”
which is encircled on the table. Then the first 20 numbers from right to
left and then downward would correspond to the numbers of the animals
which form group one. The next 20 numbers would form group two,
and so on. In our example, animal number 7 would be in group one,
together with animal numbers 70, 53, 64, 58, and 39. The next number,
99, is ignored because it is larger than the total number of animals. We
would continue with number 74 and since the next number, 70, has
appeared already, it also is ignored. Continuing, we would have numbers
10, 9, 41, 33, 19, 24, 51, 50, 78, 26, 54, 23, and 46. This would comprise
group one. Group two would begin with number 35,
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If we wished to select 100 students from a total population of 2,000,
the same procedure could be used except that a table of four digits would
be needed. Since larger numbers are cumbersome to handle, machine
procedures can be used to draw the sample. It is important not to rely
on our “unbiased” nature. A simple example will illustrate. If a group
of people are each asked to select ‘‘at random™ a number from one to
four, it will be discovered in tabulating the results that the numbers 1,
2, 3, and 4 are not selected with equal frequency. Number 3 will be
selected much more often than the others.

The advantages of random samplhig can be summarized briefly as
follows: 1) nothing need be known about the characteristics of the
universe being sampled, 2) most statistical techniques for analysis are
appropriate when random sampling is employed, and 3) as the number
of elements in a sample is increased, the likelihood that the sample is
representative also is increased. More importantly, probability theory
provides us with methods of estimating this likelihood. On the other
hand, there are also disadvantages to this method of sampling: 1) the
task of numbering every element in a large universe may be time-
consuming, difficult, expensive, and, in some instances, impossible, 2)
other sampling methods can use a smaller sample and still provide the
same likelihood that the sample is representative, and 3} because the
individual elements selected at random might be widely dispersed geo-
graphically, the measurement or interviewing of those selected might be
prohibitively expensive.

Systematic Sample

Another method which provides a sample that usually approximates a
random sample is called systematic sampling. The procedure involves
selecting every k'th unit in a list or in an area. Selecting every 100th
name on a registration list or every 5th house on an area map are ex-
amples. Sometimes a telephone list is used for this purpose but it should
be remembered that families which do not have phones differ in many
ways from those which do. Sometimes systematic sampling is used in
conjunction with other sampling methods described below. An advantage
of systematic sampling, particularly if a list of the elements is available,
is that it is relatively inexy -asive and rapid. It is also not difficult to
train others to selectr the sample. Finally, a proportionate or stratified
sample is easily obtained if there are separate lists for each strata.
Aside from the fact that one must be careful about what list is being
used (i.e., whether or not the list was prepared in such a way as to bias
the sample), the principal disadvantage to this sampling method has to
do with estimating the values of various parameters in the universe
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(mean, standard deviation, ctc). A good discussion is presented by Kish
(8: Chap. 4).

Stratified Sample

As already indicated, random sampiing is not the most efficient method
of obtaining a sample. One way of increasing the chances of obtaining
a representative sample is to use a stratified sampling. The population
or universe is first divided into strata according to one or more charac-
teristics. Then a random or systematic sample from each of the strata
is taken. Thus, if one wished to determine the average strength in a
large population of fourth grade children in a school system, it would
be recognized immediately that age and sex might be important factors.
Hence the children might be separated first on the basis of sex and then
further divided into age subgroups. A random or systematic sample can
then be taken of each sex-age group (i.e., 9-year-old boys, 9-year-old
girls, 10-year-old boys, etc.).

If an estimate of thc mean strength for the cntire population were
desired, onc of two procedures could be followed. Within each stratum
(i.e., age-sex groups) a random or systematic sample could be selected,
with the number proportional to the percentage of children in the total
population who fall in this category. When the various samples from the
strata are combined, the percentage of subjects by age and sex in the
sample will be the same as in the total population. In our example,
suppose there were 8,000 fourth grade children in the school population
(the universe) and we wished to test the strength of a sample of 400 of
them (59 sample). Suppose also that 529/ (4,160) of these children
were boys, and that 309/ (1,248) of these boys were 10 years of age.
In our sample of 400 then, 529, (208) should be boys, and 309, (62) of
these should be 10-year-olds. We would then select at random or sys-
tematically, 62 10-year-old boys from the total popuiation. When this
procedure is followed with the other age-sex groups, the proportion of
boys and girls in the age-sex strata will be representative of these pro-
portions in the total population. Of course, if we simply sample at
random from the total populaticn of 8,000, the percentages of children
in the various age-sex groups in our sample will approach those in the
population. But our sample in this case would have to be larger than
5% to achieve the same likelihood that it is representative.

Much the same result will occur if, in stratified sampling, we take
samples of equal size from each stratum, calculate the mean scores for
these strata, and then average these individual means, weighting each
mean according to the percentage of this stratum in the total population.
The ﬁret method (preceding paragraph) is callzd proportional stratified
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sampling; the second method, disproportional stratified sampling. Re-
gardless of whether the first or second method is used, stratified random
sampling requires more elaborate methods for estimating the various
parameters in the total population (mean, standard deviation, ctc.} than
does simple random sampling. A discussion of this is not appropriate
here. The interested reader should consuit Kish (8).

Ciuster Sample

In fairly large surveys random, systematic, or stratified sampling is
expensive if the sampling units or elements (subjects) are separated
geographically and/or if it is difficult to obtain an accurate list of the
subjects. To circumvent these difficulties, cluster sampling is employed.
In this technique, groups or clusters containing several or many elements
are sampled instead of the individual elements. Then every element within
the cluster sampled is measured or interviewed. An example will illustrate.
Let us assume one wishes to determine the level of sports ability of third
grade children in California. If a complete list of individual third grade
children were available, a random or systematic sample (for example,
10%) could be obtained, perhaps at considerable time and expense.
In this case, one or two children might be selected from this school, one
from that, and so on. It would then be necessary to travel throughout
the state, testing one or two children in almost every school, disrupting
many classes—an indefensible procedure, both economically and in

. other re ‘pects.

Instead, in applying cluster sampling, one might obtain or develop
a list of all third grade homerooms in the state and a random or sys-
tematic sample of these would be selected. Then all the children in a
particular homeroom (inciuding those absent on a particular day) would
be tested. Assuming about 30 children per class, this would mean only
about one thirtieth as many classes need be disrupted and only a fraction
of the schools visited. There are somewhat more complicated and efficient
methods for selecting clusters than this, but again, this is beyond the
scope of this text. An example of a national survey in physical education
in which cluster sampling was used is the study by Hunsicker and col-
laborators (6, 14).

Clusters of various kinds are employed : families, homerooms, census
tracts, villages, etc. In the Tecumseh, Michigan Community Health Study
(10, 13) sampling was by dwelling units. The entire list of dwelling
units in the study population was sampled at random and all the persons
living in a particular dwelling unit (cluster) were studied at onc time.

Cluster sampling, when properly employed, generally provides a
representative sample of the universe. However, this does not mean that
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one can select a homeroom and test only those children who are in
school that day. It is likely that some children will be absent because
of illness or other reasons. In fact, some children will purposely miss
class to avoid being tested in physical fitness tests (9). The possibility
exists that children absent from class on any given day may be different,
on the average, in physical fitness, sports skills, etc., from those who
are in class. The absent children should be tested at another time. Cluster
sampling, just like other sampling methods, cannot compensate for a
possible bias of this sort.

Although cluster sampling usually involves a considerable saving in
cost and time, there are some disadvantages. The cost of statistical work
is increased, though generally not a great deal. More importantly, the
elements in a cluster are often more homogensous than in a random
sample. For example, it is not difficult to see that individuals in the same
family can be expected to be more similar than individuals selected at
random from a community. Similarly, children in a particular third
grade, from a particular neighborhood in a particular part of the country
resemble one another more than if randomly sampled from various parts
of the country. This results in a larger estimated variance in the universe;
hence, some precision is sacrificed. Modifications of the usual statistical
formulae are neressary when using cluster sampling. It is preferable to
have the clusters as similar as possible but with maximum heterogeneity
within the individual clusters. The student contemplating the use of
cluster sampling should consult a text which deals with this topic in
depth before he proceeds.

Other Kinds of Sampies

Variations of the methods described above are sometimes employed, but
they are beyond the scope of this text. Sequential sampling, sometimes
used in quality control, was developed to increase sampling efficiency
and provide a basis for decision making as early in the experiment as
possible. Applications in physical «ducation are too rare to justify a
discussion here.

Occasionally special sampling problems arise. Sampling from a
finite universe is a case in point. In the community study previously
mentioned (10, 13) it was of interest to know whether high school athletes
in this community differed from other boys in the same population. The
universe, in this case, is conceived as all the boys of the same age in the
community. Usually one must estimate pcpulation parameters (mean,
variance, etc.) from a sample. In this instance these parameters were
known for the variables of interest: serum cholesterol, serum uric acid,
blood pressure, etc. The high school athletes were included in the total
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population ; hence the usual tests of significance had to be adjusted for
sampiing from a finite universe (!1).

Size of Sample

Theoretical Considerations

One of the first questions a graduate student usually asks his advisor
is ““How many experimental subjects do you think I should have?”
He wants to determine in advance how many animals are necessary,
how many children in each grade must be tested, how many samples
of shoulder padding must be studied, how many schools should be
surveyed, etc. Unfortunately, no sample size can be specified with the
assurance that it will provide definitive data; hence the investigator is
faced with a dilemma.

Two questions must be answered before one can estimate the sample
size needed. The first of these concerns the error tolerance that would
oe allowed. Supposc it were of interest to know whether reducing the
\»acher-pupil ratio in physical education from the present 1:60 to 1:30
would be desirable. The possible increased learning among the pupils
must be weighed against the cost of doubling the staff size. Let us
postulate that if a 309, increase in learning were achieved, it would be
worth the additional expenditure. What would be our error tolerance?
Vould a 209 error be acceptable, i.e., an improvement of 24-36% in
learning? Or do we hold to a 1Y% error, representing 29.7 to 30.3%,
improvement in learning?

Of course, onecan’t be sure that the sampie we use in the experiment
is representative of what would happen if other teachers and pupils were
used. How much assurance do we wish to specify that our sample is
representative? This is the second question we must answer. In order to
estimate this we must know how much variation there is in the correlation
of teacher-pupil ratio and learning in different samples of the universe
of teachers and pupils. Often it is difficult to obtain even approximate
answers to such questions.

Recently the writer was a member of a committee charged with the
responsibility of studying the feasibility of a national investigation in
which the eflect of a program of regular physical exercise on coronary
heart disease would be assessed. Two members of this committee, using
reasonable approximations, were able to provide estimates of the number
of subjects needed. Data were ~'ready available to provide approxima-
tions of the expected coronary heart disease incidence rate, probable
drop-out rate, etc. The student is invited to study these calculations and
estimates as an illustration of the problems involved (Remington and
Schork, 15).
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Some Practical Suggestions

In conducting surveys of various kinds, the number of cases required is
usually smaller than one might guess. The method of sampling is generally
more important than the numbers involved. A carefully selected and
tested small sample is often adequate—certainly it is better than a large
sample which forces one to do a poorer job of testing or in which a bias
appears that could be avoided in a small sample. One could also argue
that if a very large sample is needed to show a statistically significant
difference or a relationship, the results are probably not very important.

Another practical point to keep in mind is that when estimating
parameters or testing the significance of differences, precision increases
in proportion to the square root of the number of subjects. For example,
getting a standard error of ihe mean one tenth as large requires a sample
100 times as large.

Sometimes, of course, large numbers are needed, as for example in
prospective studies of disease or injuries. For example, if a prospective
study of knee injuries as a result of football is contemplated (i.e., the
players are to be studied and tested before any injuries occur), large
numbers are needed since it is not known how many injuries will occur
and to which players.

Sampling in one sense is important even in historical studies. Is one
justified in studying the history of one small segment of the population
or the development of the racreational program in one city? How typical
are these samples ? Do the results have application to a larger population?
In biographical studics how important is it to demonstrate that early
childhocd experiences contributed to the development of an outstanding
leader in physical education? How representative is this of other leaders?

MECHANICS OF DATA COLLECTION
Observations

A group of people may be exposed to the same events but the observa-
tions and recall of these events will vary among the individuals. Onc’s
capacity to make observations, to attach significance to the events, and
explain them reflects not only his awareness and sensitivity to details
but also his training. A person trained in exercise electrocardiography .
can distinguish beiween artifacts and abnormalities. Only a historian
trained in the general history of a particular time can appreciate the
significance of sports or recreational developments of that era.
In making observations, particularly in the laboratory or the field,

it is well to remember that every event has an explanation. Sometimes a
gross error or an unusual but important event is explained too quickly
as being caused by an equipment artifact. It helps to know the theory on
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which an apparatus operates in order to interpret such phenomena. A
few years ago an experiment was conducted with three groups of rats.
One group (sedentary animals) lived in small cages. Another group
(voluntary exercise) also lived in small cages, but were allowed to exer-
cise at will in the attached wheels which had automatic revolution
counters. A third group (forced exercise) lived in the same small cages
but were forced to swim two hours daily. In the early stages of the ex-
periment one of the animals in the voluntary exercise group died, which
at that time we thought could have been a chance event. However, when
three more animals in this group died during the next few days, chance
was not the likely explanation. The probability of all four animals which
died being in this group was 1 in 81, a rare event. It was observed that
the food cups in the cages of these animals were cmipty, and revolution
counters all indicated an unusually large amount of activity. The ex-
planation was then clear. When the animals became hungry, they began
to run in the wheel and a vicious cycle developed causing their death.
Large food cups prevented any more deaths.

Records and Notebooks

A scientist, early in his career, learns that memory is not very dependable
and that he must record observations. If data are recorded on loose
scraps of paper, sooner or later important information will be lost. In
laboratory work there are many kinds of notebooks in use. It is generally
agreed, however, that notebooks should be bound and the pages num-
bered. Some investigators recommend double pages with carbon paper
between them so that at the end of the day the carbon copies can be
removed and stored in another place, in the event that the notebook
itself is mislaid or lost. If a carbon copy is desired, ink should be used,
preferably a ball point pen. The notebook should be handy at all times.
It is better to record, at the time, all details and observations; the ir-
relevant ones can be discarded later. The date of the observation and
the investigator’s or technician’s name shouid always be a part of the
record.

If calibration 42tz <n an instrument are to be graphed, the graph
can be pasted into the notebook. From time to time, equipment or
procedures may be modified. The date and nature of these modifications
should be carefully recorded because sometimes it is necessary to correct
data before making the modification. Basic data should aiways be
recorded—not just the values calculated from them. A table of contents
in the notebook is also helpful,

If certain data are being used routinely to identify records it is often
wise and efficient to have a rubber stamp prepared so essential data will
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not be omitted. For example, when certain physiological data are being
recorded on photographic paper, a rubber stamp can be prepared which
prints the labels:

Name [.D. Number
Date of Test . Hour of Test

It is often expedient to use prepared forms, precoded for using punch
cards. Figures 1 and 2 contain examples of forms used in collecting
oxygen uptake data on over 1,200 subjects during treadmill tests which
were conducted over a period of 23 years (2, 12). The technicians tran-
scribed the information from notebooks and the photographic record
onto the precoded forms. A second technician verified and also initialed
the entries. The form was then used to prepare IBM punch cards which
in turn were verified. Then, by means of a prepared computer program,
oxygen uptake and related calculations were done automatically and
printed out. (Figure 3 contains an example.) This last step avoids the
many human errors which would have occurred in the 21 years of routine
arithmetical work. -

In some studies, particularly questionnaire surveys, printed forms
are used in which the respondent marks the appropriate space and a
machine *‘senses” these marks and prepares a punch card automatically.
A variation of this is the use of partially puncihed cards in which the
observer merely punches out the appropriate space and the card is used
to prepare the usual data punch cards. These systems save considerable
time, and since there is no intermediate record, no transcription errors
will be made. On the other hand, it is time consuming and annoying for
a respondent to read a question on one sheet and mark another. This
may lead to a poorer response rate. Also, since the spaces for marking
or punching are small, errors are frequent; some estimates run as high as
209%,. There is, of course, no written record, so it is virtually impossible
to locate errors or even know when they have been committed.

Some of the suggestions in this section apply not only to laboratory
and field studies, but to the collection of historical and biographical data
as well. As Woody (17) has stated, historical research is concerned with
ascertaining facts as accurately as possible, and this objective is shared
with all scientific investigations. It is hardly sensible, then, to record
historical information on scraps i paper that will be lost or disorganized.
If a card system is used rather than a notebook, the cards should be
numbered or held together in a box or folder. Sometimes it is useful to
record data on cards that can be hand-punched to facilitate sorting. One
example of this kind of record is i!lustrated in Figure 4. A code can be
established and the appropriate numbers along the edge punched as
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illustrated. Using a necdle, one can sort a group of cards fairly rapidly;
the punched cards fall out of the pack.

The availability of inexpensive equipment to reproduce letters, pages
of books, and records of various kinds has made the task of the historian
easier. Reproaucing records can be done in a fraction of the time pre-
viously required to copy this information by hand. Additionally, errors
of transcription are eliminated. The availability of inexpensive tape
recorders has made feasible the collection of oral histories.

The importance of goiug to original sources in historical research
cannot be overemphasized. Woody (17) includes as original sources
implements of work and play, clothing, ornaments, food, architectural
structures, oral traditions (legends, songs, family stories), testimony of
survivors, letters, personal diaries, account books, genealogies, inscrip-
tionns, contemporary chronicles, newspapers, drawings, photographs,
official journals, laws, court decisions, church records, charters, curricula,

books, films, and recordings. Frequently secondary sources contain typo-

graphical eri-ors, transcription errors, or errors of interpretation. Anyone
familiar witi» geneal:-gical research is aware of the frequency with which
errors in det=s of birth and death appear. A few years ago, the writer
had occasicn to trace the literature on the effects of physical training on
breath-hol(ing ability. An American physical educator had quoted an
Erglich reference that physical training greatly improves this capacity.
The ".nglish writer, it turns out, was quoting a study originally published
in Italian. A translation of this paper revealed that it was practice in
breath holding that had resulted in improvement. This was quite a
different matter. The words “practice” and *‘training” had been mis-
interpreted, to be then quoted and requoted incorrectly.

An excellent discussion of laboratory data collection may be found
in Wilson (16).

ldentification of Subjects

[t is expedient in research with large numbers of subjects, be they human
beings, animals, or objects, to number them serially. In the case of
human beings, several subjects might have identical names so a number
is essential. Furthermore, a number, rather than a name, requires fewer
spaces on an IBM card, and scrting and other operations by data pro-
cessing and computing equipment are facilitated.

It is usually imperative that animals be more or less permanently
identified. In handling them, or treating them in groups, they are likely
to be mixed up. Also, there is always the possibility that several will
escape from their cages. There are several common methods of identify-
ing animals. Mice, rabbits, pigs, and many other animals may be num-
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bered by an ear punching system. Small inexpensive ear punches are
available from equipment supply companies. This is almost painless to
the animal (he can be punched without an anesthetic) and it in no way
affects his health or performance. Other methods include removing toe-
nails or color-coding the animals with dyes. Various colored dyes are
available which react with the protein in the animal’s hair and provide
a fairly permanent mark lasting a month or two. If animals swim daily,
the dye will need to be applied frequently. Both colors and areas on the
animal’s back have been used to develop a code. Dubin (3) has reported
a simple numbering system for laboratory animals.

Environmental and Other Controls

In conducting laboratory studies or field tests it is frequently necessary
to have rex  dnable control over the environment or to avoid testing
under certa - conditions. For example. heart rate response to exercise
is a commoi. measurement in physical education. If the ambient tempera-
ture is high (particularly with high humidity), the heart rate will be
higher for a given work load. This is so because the cardiovascular
system, beside delivering oxygen to the tissues and removing carbon
dioxide, has a heat regulatory function. More blood will be shur.ed to
the skin (hence, a higher heart rate) in a hot climate so that heat may
be transferred to the environment.

A complete discussion of animal facilities is not possible here; only
a few important points will be mentioned. Entire volumes have been
published on animal facilities. An excellent reference has been published
by the U. S. Public Health Service (4). In studies using small animals,
it is usually easy to achieve reasonable environmental control. Tempera-
ture and humidity can be maintained within a fairly narrow range.
Automatic light controls are available so that light exposure can be
rigidly maintained. However, when animals are housed in racks of cages
it is necessary to rotate them regularly to equalize conditions, particularly
light exposure. It is a good idea to have a central warning control so
that if there is a power failure in the laboratory, a light will appear 24
hr/day where maintenance employees are located.

When animals in one group are handled regularly, as for example
in putting them on a treadmill, control animals should also be handled
because it has been demonstrated that handling alone affects growth.
Similarly, sham injections of isotonic saline or other appropriate material
and sham operations should be performed on controls.

It is not appropriate here to list all of the control procedures which
might be important in the various kinds of experiments with human
| et ~nd animals. The investigator, before collecting data, must try
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to anticipate what factors might affect the measurements and then plan
either to control them or expose all subjects to the same influences.

Data Storage

Laboratory notebooks, if carefully bound, will last a long time provided
they are stored where they will not be exposed (o the elements. IBM
and other punch cards absorb water and become damaged by handling
and being passed through data processing equipment. They must be
replaced from time to time. It should aiso be mentioned that errors
have a way of creeping into duplicated decks, so each new deck should
be verified or checked in some way.

Decks of punched cards in large studies require considerable space.
One round of examinations in the Tecumseh Community Health Study
alluded to earlier (10) generated more than 200,000 IBM cards. For this
reason and for greater ease in analysis, data are often transferred to
magnetic tape. However, these tapes vary in quality and permanency.
When basic data are transferred to cards or tapes, these should not be
stored in the same place as the folders or notebooks containing the
original data, lest both be lost or destroyed.

Photographic recordings also vary in the length of time they may
be stored satisfactorily. Records using the rapid development process
usually deteriorate faster than those in which the usual development
process is used. Various duplicating processes also vary in the per-’
manency of the copy.

Procedure Manuals

It is important to describe in detail in a laboratory maanual exactly how
certain procedures are carried out. In addition, abbreviated steps or
checklists can be attached to the apparatus or posted on the wall in
full view of the operator. These manuals serve several purposes. They
contribute greatiy to the standardization of procedures from day to day
and eliminate the necessity to rely on memory for recalling details of
procedure. This applies to questionnaize or interview studies as well as
to laboratory investigations. One does not know in what way or how
far in the future data will be utilized, or if another investigator may
want to duplicate parts of the experiment. Recently the writer reviewed
a paper for Human Biology based on anthropometric and other data
collected by Dudley Sargent at Harvard. Who could have anticipated
that these data would be utilized in a longitudinal study years after his
death?

Not only in the actual collection of data, but in the coding of it,
detailed description is necessary, particularly when subjectivity is in-
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volved. Code books for data on cards or tapes should be maintained
and kept up-to-date.

Rehearsal of Experiments

In complicated experiments, rehearsals are usually necessary to develop
a smooth operation. If a team effort is involved, it is especially desirable
to have one or more dry runs so everyone will become familiar with his
job and, it is hoped, the jobs of others. To achieve standardization in
directions given to subjects, a tape is sometimes prepared. Playing the
tape insures that each subject will receive identical instructions and that
no important details are omitted.

Rehearsals often reveal problems with equipment. Even field testing
of skills or physical fitness should be preceded by rehearsals with other
subjects taking the tests, preferably subjects of the same age and sex.

In questionnaire and interview studies it is equally important to
rehearse and test the procedures. Usually after a preliminary sample is
tested (a pilot study), the questionnaire or interview procedures will have
to be revised and another trial run conducied. Vocabulary, sentence
structure, etc. are very important if the subjects are to make the proper
interpretations and provide meaningful data. Sometimes several revisions
are required.

Practical Suggestions

During the actual collection of data, computations should not be done,
or at least they should be minimized. In the first place, the investigator
can use his time to better advantage by making observations and re-
cording basic data. In the second place, during the excitement or con-
fusion of data collection, errors in calculations are apt to occur. If at
all possible, computations should be delayed until later when there is
no time pressure and the work can be done quietly without distractions.
Better yet, perhaps a computer program can be written to do the cal-
culations routinely, as illustrated in Figure 3 (p. 158) and discussed
previously in the section on Records (pp. 154-155).

Whenever possible the procedures should be automated, provided
accuracy is not sacrificed and it is economically feasible. For example,
in the oxygen uptake study described above (Tecumseh Community
Health Study, p. 155) an automatic lift raised the treadmill angle 3Y;
every 3 min. The technicians thien did not need to worry about this step.
Similarly, the electric clock started automatically when the experiment
began. When the treadmill was stopped, the clock stopped and another
started. A buzzer was built into the circuit to warn the technician at

~ @ “eriods in the test, and a precise one-minute mark automatically
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appeared on the written records at certain times to facilitate record
measurements. For a 2-ycar period, such alterations in the equipment
are more than justified.

It is a pood practice, particularly in large investigations. to analyze
and study some of the data as soon as practicable. Otherwise, problems
in the data collection resulting in errors may not be detected until all
the data have been collected and it is too late to correct the equipment
or procedure. Also, it sometimes becomes apparent when a sample of
the data is analyzed that a procedure could be changed or added to
provide additional important data. It is tempting to wait until all the
data have been collected before doing any analysis, but the slight expense
and effort expended early in data collection are generally worth it.

ERRORS IN MEASUREMENT

Whenever a measurement is taken, the recorded value is not 100Y%,
accurate and precise. (See pp. 82-83, 115-116.) Even a simple mea-
surement of body height (stature) has its limitations. If the subject is
fatigued and slumps a bit, his full stature will not be recorded. If the
measurement is taken with a yardstick measured to the closest 1/4 in,
then the precision is limited to about the closest 1/8 in. The true stature
may be a little above or below what is actually recorded. Absolute pre-
cision and accuracy are not required in research but we must be abie
to estimate the probable limit of the error or be able to correct for it in
some way. In the following section, errors have been grouped into several
kinds and discussed separately for the sake of convenience.

Random Errors

Lack of precision results in random errors. For example, if the length
of a room were measured several times to the closest millimeter using a
tape measure, it is unlikely that each measurement would be precisely
the sume. Sometimes it would be a little longer, sometimes a little shorter.
The length of the room, of course, does not vary significantly, but our
ability to measure it does. The mean of a large number of such mea-
surements, provided the tape is accurate, would be very close to the true
length. Similarly, in repeatedly measuring a person'’s chest circumference
with a tape, there will be some variation. In this case, the situation is
more complicated because, in addition to variations in our technique,
there will be actual variations in the subject’s chest circumference de-
pending on his posture, volume of air in his lungs, etc. However, if a
number of measurements were taken, the values would be uniformly
distributed above and below the mean. These are examples of random
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errors, sometimes called chance or variable errors. Fortunately the dis-
tribution of such errors is known, as mentioned earlier under Methods
of Sampling (pp. 146-148). We can, therefore, estimate quite accurately
the increase in precision to be expected il the measurement is repeated
two, three, four or more times and averaged.

Although an investigator is not obligated 10 measure things with
absclute precision (which is not possible anyway), he should know the
variability in the measurement. This can be learned from other studies
on populations, but it is always preferable to determine it by repeating
the measurement on the population under study,-or a sample of this
population. Precision is frequently expressed as a standard error of
measurement, a reliability coefficient, an intraclass coefficient, or in the
foiin of a scatter diagram.

A few examples will illustrate these concepts. Several years ago the
relationships between exercise habits and serum cholesterol and uric acid
were being studied. We were considering having the serum determinations
done at a commercial laboratory. Although commercial laboratories are
generally not known for their precision, this one was very highly rec-
ommended. Nevertheless, the precision was investigated by drawing a
blood sample from a number of subjects. The serum from each sample
was split into two samples, a fictitious name attached to each of the pair.
When the serum cholesteroi values were received from the laboratory,
they were uncoded and paired values compared. The correlation coeffi-
cient describing the relationship among the paired values was close to

jesterol determinations.

In a similar way, the serum samples were split to study the reliability
(precision) of the uric determinations which were being made by one of
the coworkers in the project. These results are shown in Figure 5, which
illustrates good reproducibility. The small deviations between paired
determinations represent random errors. This coworker, of course, did
not know we had split the samples and would not have cared in any
case. A careful scientist never objects to his work being checked.

In measuring oxygen uptake in a large population (see Tecumseh
Community Health Study pp. 155-158) some of the subjects were asked
to return a week or two later for a retest (12). The results of the two tests
are shown in Figure 6. In this instance, the situation was a little diffcrent.
The errors scattered around the line of identity in Figure 6 represent not
only random errors in measurement technique but also changes in the
subjects’ oxygen uptake capacity (random errors) from day to day. These
could also be a systematic error, but this seems not to have been the case
since the second test gave results that were not uniformly higher or lower
than the first test.
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Figu-e 5. Comparison of split-sample urid acid determinations

Random errors in themselves do not produce a bias or systematic
error, but they make the task of testing a hypothesis more difficult. For
example, if one took the cholesterol values as determined abowc with
poor precision and correlated them with physical activity, it wouid be
difficult to demonstrate a correlation even if one existed. Poor precision
tends to vitiate the correlation. In comparing group means, it is similarly
difficult to show significant differences when the measurements have poor
reliability.

. Space does not permit a discussion here of how precision (reliability)
in measurement can be improved, but many tests and measurement texts
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Figure 6. Reproducibility of maximal oxygen uptake on treadmill test.

in physical education cover this topic—at least with regard to the sports

and physical fitness tests with which physical educators are often con-
cerned.

Svstematic Errors

There are errors of another kind that cause difficulties in research. Sup-
pose the tape used in measuring the circumference of the chest in the
measurements described above contained an error in the markings so
that all measurements appeared to be  inch shorter than the true cir-
cumference. The recorded measurements would thus contain two kinds
of errors: the possible random error due to imprecision in our technique
and variations in the subject, plus the constant systematic error causing
everyone's recorded circumference to seem 4 inch less than it really is.
A constant systematic error is sometimes not difficult to detect and
O
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correct (see pp. 82 and 115-121). In any case. a constant error, if present,
would not affect the correlation of this measurement with other variables.
However. it one compared the mean chest circumference of this group
with one in which a different tape were used. the 3-inch error. il not
corrected. would produce an apparent statistically significant difference
when one actually did not exist.

Systematic errors may be always in the sume direction but not of
equal magnitude. This would occur. for example. if height were measured
with the subjects wearing shoes. In this case, everyone’s height wowd
be overestimated but to a different amount, depending on the height of
the heel. This kind of error affects both correlation problems and those
in which groups are compared. If children are tested on a shuttle run
such as the one used in the AAHPER Youth Fitness Test. a slippery
floor introduces a systematic error causing the scores to be poorer. If
some children took the test wearing their stockings but no shoes. the
effect of the floor would be greater because of the poor traction in
attempting to reverse direction. The systematic error in this case, also,
would not be constant. One can think of hundreds of such possible
sources of systematic errors. When an instrument is responsible for
errors, they can usually be detected by careful calibration. But the in-

~ vestigator must be alert to the more subtle sources of error as well.

O

Psychological Bias

A scientist embarking on a research project usually ha:, a hypothesis he
wishes to test; hence. he probably has a bias. He must therefore design
the experiment in such a way that his bias will not have an opportunity
to affect the results. 1t is not a question of honesty. but the investigator
might unconsciously sce what he expects to see or wants to see. Fre-
quently. therefore, when data are being collected, knowledge is sometimes
withheld from the obse.ver so that his observations will be objective.
(See previous example concerning uric acid determinations, pp. 165-166.)

An investigator learns very early not to trust his intuition in many
instances. A frequently quoted problem will serve to illustrate. Consider
the question: how many people must be present before the odds are
better than 50-50 that there are at least two persons with the same
birt \day? Generally. individuals will estimate that 100 or even 363 are
necessary. When there are only 23 persons present. the odds are greater
than 50-50 that two or more persons will have the same birthday. With
40 persons present, the odds are better than 8 to 1.

In research it is also necessary to guard against a bias on the part
of the person being tested. It is well-known that when an athleie in
training is given a particular nutrient (vitamin, for example) because it
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might improve his performance, it may well do so simply because it is
expected to, hence the use of placebos (substances that look and taste
like the substance being tested). If one is studying the effects of breathing
oxygen-rich mixtures on performance, it is necessary to conduct some
experiments in which the subject breathes air, but believes it to be the
oxygen-rich mixture. This is called a blind study. However, if the ob-
server knew when the subject was breathing a high oxygen concentration
he might unconscionsly motivate the subject to greater performance.
Therefore, an assistant should select the gas mixture on a given day
without informing the observer. This, then, becomes a double-blind
study. (Someone facetiously defined a double-blind study as one in which
neither the subject nor the investigator knew what he was doing!)

In repeating tests, particularly performance tests, it is important
that the subject not be told how he is doing with respect to the first
performance. Otherwise, this procedure would not measure the repro-
ducibility of the test as we commonly understand it.

Quality Control

In research that continues for a relatively long period of time, it is es-
pecially important to build in methods of quality control. An example
will illustrate. In the previously discussed study of oxygen uptake in over
1,200 people, which required 23 years, electronic apparatus was employed
to measure the concentration of O,, N,, and CO, in exhaled air. A
sample of exhaled gas from every fifth subject was taken for chemicai
analysis to be compared with simultaneous electronic determinations.
The results were plotted weekly. Had there been any change in the
equipment during the period of the study, the breakdown would have
appeared in the quality control plot. A portion of the oxygen concentra-
tion plot is illustrated in Figure 7.

As asecond accuracy check, when the computer program was written
for calculation of oxygen uptake and related measurements (Figure 3),
it also included a scatter diagram of oxygen uptake plotted against heart
rate at the various exercise loads (Figure 8). A fairly straight line should
result, and if a transcription or measurement error was made it could
usually be detected. The plot was inspected for each subject within a
week or two after the data were collected. It is important to do this
promptly so that the technician can still recall details.

Concluding Statements

A frequent problem in surveys of various kinds has to do with non-
returns. In the section under sampling, an experiencc in the Tecumseh
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Figure 7. Comparison of percent of oxygen in exhaled air—electranic vs.
chemical analysis.

Community Health Study was mentioned in which the AAHPER Youth
Fitness Tests were administered to students, fourth grade through senior
high school. Because students who are not in class on a given day are
very likely to be different in fitness from those who are present, it was
necessary to return to the same schools a number of times in order to
obtain data on over 99%; of the population.

When questionnaires are sent out, 1009, return is almost never
obtained. It is probable that the individuals, schools, etc. which did not
return the questionnaires are different, but since data on them are not
available, what bias, if any, exists cannot be studied. Some investigators
circumvent this difficulty by interviewing or visiting a sample of those
who made no returns. Certainly it is better to obtain data oen 1007, or
almost 100°; of a smaller sample than to work wit